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PREFACE. 


( Second ' Edition.) 

The w^pt of a l|^ok on Geometrical Drawing suitable for 
Engineering' Ccrtleges and Schools and o£her Technical Schools 
in Be^al has long b^en felt. Problems ^collected % my pre- 
decessors arwbmfself for teaching Geometwcal drawing to t(je 
Engineer and Overseer students c^re, therefore, offered in a 
book from to the students of Bengal. • 

The cours«#t)f Geometrical drawing for the Engineer and 
Overseer students include both the pnfctical ^lane and solid 
geometry. The practical ’plane.geometry is suited for school 
course and is treated in part I. Besides plane geometrical 
drawings this part contains a chapter on scales, fuljy dealing 
with fhe simple scales, the diagonal scales, the comparative 
scales and the straight vernier scales. * 

Sortie of the' problems in this book haye "been compiled 
from other books on the subject and some new problems have 
been added which is found useful t& the st*dents durir^g m / 
long experience in thfe teaching of geomeraical drawing to 
the students of the Sibp^re Engineering College. The book 
has t^een prepared with ^Jhe object ot helping the students to 
leJhi the subject wi^i&it any Jielp^rom*teat:hers. The survey 
students and the pleaders intending* io appear in the survey 
examination will^find this book useful. Inspite of my best 
efforts to correct all errorj f am sure there are # some which 
have Reaped my notice. I shall be grateful *o the*teachgrS 
md other Readers of*tji*3 bool# if they will grimily point out 
any ijrtsiake^>r omisssons in the book. I shall also gratefully 
'eceivte all suggestions for improvement of the future edition^. 

r 4th June, 1924 \ SUR^NDR/f KUMAR BA9U. 

SlBPQ^ J* 
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GEOMETRICAL DRAWING 

CHAPTER I. 

INTRODUCTION. 

i‘ 

Practical Geometry or Geometrical Drawing is very useful, 
to those who deal with practical works. The Engineer or the 
Architect requires its assistance to solve (iis knotty problems 
or to explain his methods. The difficult subject of applied 
mechanics is maue easy by the application of graphic statics 
and an ordinary draughtsman can find out accu.ately and in 
le^ time the bending moment of a beam or the tortional 
resistance of a shaft. If you can delineate the parts of an object 
with the proportions on paper you can be sure of the practical 
execution of the design. 

Tho principal requirement in Practical Geometry is the 
careful and accurate drawing of figures by means of mathematical 
-nstruments! 

The instruments should be the best procurable in the market. 

“Stanley’s” drawing instruments are considered 
Mathematical or by the draughtsmen to b9 .Superior* to any 
instruments other and “Harling’s” stand next to them. 

It is wiser to buy the few most essential ones 
of good .quality than to buy a cheaper box containing all the 
instruments of.in&irior quality. , v 

Tho names and the The following instruments will suffice for all 
instruments. ordinary works : — 

1. Compasses or Dividers, are used for setting off distances 
or dividing straight '"lings. The special kind caHed the’ “hair- 
divitlers” have one r leg which can be adjusted by-* means of a 
spring and screw. These are very useful for dividing straight 
lines. Li using the compasses, they should be held at tfye 
ton between tl\p fore finger and thumb, with one or more fingers 
under tha^hmg* to increase or diminish uie distance between 
tbe points gradually; the steel point should ee guided by the 
fifiger of the ether ftar.d to tbe required., point. 
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£ , 2. J&OW -pencil : — is a small pair c&mpasses with one 
leg constructed to hold a pencil. It is used f^rdrawing circles 
and r.rcs. • ' • * 

, .3.^ Bow-ink (or pen) similar instrunffefit to a bow- 
pencil ; it has a ruling* pen for one pf its legs instead of a 
pencil. It is used for inking in circles and arcs. Both the 
bow-pencil and bow-ink should have hanged l^gs, which will 9 
enable the^legs to be kept as upright as poseible to the paper. 

It will prevent large Itoles or uneven lines. • 

4. Drawing pen : — This is usecf for § inking in lines, the 
thickness of whibh is regulated by a screw, fixed to the nibs. 

In ysing the pen, first dip the nibs or blades in water and 
then wipe the outside surfaces dry ; then with a clean sjeel 
nib, or quill, or a slip of papei, take up som^diawing ink and 
insert it between th^ nibs The proper thickness of the line is 
obtained by screwing or unscrewing the blades. A few trjal 

lines should be drawn on a 'Separate piepe of paper to se^ the 
proper* consistency of ink and the thickness of the line. The 
pen must be held steadily at the same angle to the paper and 
firmly against the ruler, slightly* inclined m the direction of the 
line to, be «drawn ; both nibs should touch the ptfper and 
even pressure to be preserved. The motion of the arm 
in drawing the pen over the line should be made from the 
elbow and not from the wrist By attending to these points 
an. equal thickness of lilie may be secured and rugged edges 
avoided.# If aftet Sometime it is found that the ink does not 

run freely from the pen, the defect cat^ be removed by passing *a 

slip of paper or the thir\ blade of a pen knpe hetween the nibs. 

If the paper is not clean or greasy by frequent touching, clean 
sharp lines are irfipoesibl^. T^he ink should b*< wiped oiA from 
between the nibs before the pen is pifi atoay. Tlie upper nibs 
in good drawing pens are hinged to the? handle for the £&n- 
venience for cleaning and shaipening at' intervals on an oil 
stone. f In inking large drawings * two drawirtg pens are neces- 
sary one for* fine ,lines and the othe» for, thicker .lines f and * 
two drawing fl^ns are always foun f d in a complete drawing 
instrument box. ' * , * 

\ 5. Knife key:— A knife key, with a knife atbne ehd, 

And two pins at the^ther for tightening or looseuirg. the joints 
of compasses or bows is very necessary^ to keep 'the'liSrst thtee 
instruments in gobd order. It has a f file in Jthe middle portion 
And a smalrchisel proje<?Uon to be utzd as U scre\y driver. 
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6. Protractor :\Tbe most general use of« Prcrtractor^s 
foj setting off o?iipaper % any given angle % A variety of* scales 
are also given both sides of the instrument which make it 
more useful. Ft is generally a rectangular "piece of ivory* fcr 
box wood 6 inches lon£ and if. inches broad. Round three 

t of its edges the angles are marked and numbered in two* rows 
the outside fi%m o^° fa % i8o° from left to*right and jhe inside g 
similarly in the opposite direction. The fnethod of using it* 
will be given afterwards.* # 1 

7. A pair of set squares : — Two st?t squares havip^ 
angles of 45 0 and 6o° respectively are very useful. These, are 
right angled triangles, used to obtain perpendiculars and also 
fornirawing parallgj lines. The angles 15 0 , 30°, 45 0 , 6o°, 75 0 
and 90° can be drawn by their combined i^e. Ebonite (black) 
or talc (white transparent) set squares are pr?ferable over 
wooden pieces^as they are not liable, to warp v 

^n some boxes a pair of hinged parallel ruiers is given*which 
can not always be trusted for drawing parallel lines as its useful 
ness depends on the equal tightness of the two hinges. 

The? following additional instruments are required ty large 
architectural and machine drawings. • 

8. 9, 10. Compasses with interchangeable pen and pencil 

legs with a lengthening rod for drawing large circles. # 

11, 12, 13. Spring bows (pencil, peft,,'and points) for 
clawing very small circles* or rivet circles or for marking very 
small distances. • # 

1^. A proportional compasses Us^d to reduce or 
enlarge a drawjpg*in any given pre^portiom *rhey consist of two 
equal and similarly formed parts opening upon a centre which is 
moveable and forming double pair of compasses. To use the 
instrument the centre* is shifted ftp or down as required, thereby 
shortening one set'af legs anfi lengthening the ottyer. 'She dis- 
tance to be reduced*or enlarged is measured ^ff with one set erf 
legs, t and the^distance slkown by’the other pair will be the 
corresponding lAgth reduced or enlarged in a ratio depending 1 
uptm the position of the centre pin. • 

0 PencjfB*ir*rwo degrees of hardness sftbuld be used H or 
H H for* drawing in *the g construction line& ayl F for drawing 
in *the required figifre , with*Jirmer line^*when it is *hot to be 
inl^ed. The 'pencils should be sharpened to a moderately fine 
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point and T when used should be gently prised upon the paper. 
The lea*d can be best keot sharp on a piece of finfc glass paper., 

M Drawing Boards and T squares For drawings to 
be'tinted with colours a drawing board is necessary which should 
be strong enough to be used as f a table when required and at the 
same time light to be easily moved, andr constructed of such 
rood as w'll not warp or expand and Contract.- For the con- 
venience drawing on the paper mounted or passed on the 
drawing board a *T-squre is very useful 'frhich is a ruler with a 
ctqss piece at one end. It is like the letter T in shape. By 
keeq\ng the stock or cross piece of the T-square pressed closely 
against the edge of the drawing board and moving it up or down, 
lines parallel to each other can be easily drawn on the whole 
length of the paper. 

Indian ink:— Indian ink or Drawing ink is used for 
inking in a drawing. The ink is prepared by rubbing a galle 
in a saucer. It should be carefully rubbed, free from grit and 
not too thick. It should be so worked up as to insure a 
thoroughly black line which can be found out by a few trial 
lines cq a piece of paper. Liquid Indian ink sold in bottles is 
very convenient as it is always ready for use. It is now obtained 
of excellent qualify in i oz or l oz bottles with glass stoppers. 
The best cakes should be genuine Chinese ink in sticks. The 
advantage of the ^rawing tok over common ink is that the former 
dries quickly, ddes^jot corrode the pen and the lines can be 
washed for colouring without any fear <?f running. * 

Besides the above a pencil eraser and a pen knife are 
required. ,, r 0 

The four important instruments together ^vith an’ ivory 
protractor, a pair of ebonite set squares, 0 two pencils, drawing ink, 
eraser and a good pen knife will cost Including a box tor 
instruments about Rs. 45. * ' * 

*. c 

GENERAL RULES APPLICABLE TO ALL DRAWINGS. ' 

1. Never draw a single fine that is not absolutely necessary. 

This requires little practice and carefulness. ' , 

2 . Always rule a line from left to right aqd slope the 
pencil slightly toward? the direction in yvhich it< k nfu,ing a$d 
inclined away fnoVn the front which ensure the point of tl\e 
pencil always touching ^Ihe edge oLine ruler. Press upon the 
pencil lightly so that the hnes need be only just visible. , • 
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3- All lines shoi3w be drawn sufficiently long at» first, *to 
avoid the necessity fqr subsequently producing them which is 
not an easy for a beginner. 

4. 'Always work from the whole, to parts, and nftt from 
parts to the whole.* This is an iufportant principle in surveying 

•as well as plan drawing and is especially^ to be observed*in the 
construction of scales. * , g 

5. Having detemyned the extent ofH line, always rub out 

the superfluous length. • * 

0. Avoid using eraser more than is necessary as* fl 
tends to injure the surface of the paper. After inking 'in a 
drawing, use stale bread in preference to India rubber for clean- 
ing it up as it rerlflSves the dirt without removing the fibres of the 
paper. • * 

% 7. All angles should be set oft and points determined bj 

means of the largest circles which circumstances will allci? to be 
described. .* 

8. # The larger the scale is df the drawing the less liable is 

the resist to error. » , 

9. Ia determining a point by the intersection of circulai 
arcs or straight lines, these should not intersect'at less than 30°. 

10 . All arcs should be inked irw first, as it is easier to join 

a line to an arc than an arc to a line. . , p 

• 11. Keep all instruments perfectly clean ; do not leave ink 

to dry in the drawing pen. • # 


13. For the .convenience of inking ar^s of circles, it is 
advisable to cpn fleet the arc witfi its* corresponding centre b) 
enclosing the centre point in a small circle and drawing a dotted 
line from it ^o the ar£ terminated by an arrow-head. 

* 13- Every drawing should have one or more long lines 

along the length and across the breadth of the paper and nearlj 
on»the rfiiddle of ft. 3U1 q,pw lin^ should be laid off from theV 

orui4p linPQ. * • 
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'CHAPTER II. 

PRINTING. 

i, 

A great deal c e % practice, care and perseverance .is necessary 
to attain perfection,, in printing. A gfcod style of priming is 
^essential to the* production of a really good engineering or 
topographical drawing, specially the latter as it abounds with the 
names of towns, villages, &c. Engineers and superior officers 
need not spend much time in practising ^ood printing wfiich 
hould be sought after by the draughtsmen and the subordinate 
anks. * 

Generally speaking the Block printing is the best for all 
kinds'.of headings,, being neat and legible. Fancy f letters may 
occasionally be used in topographical drawings Irut never in 
Engineering drawings, the plainer the letters are in a drawing 
the better. .. ° 

Block Printing may be either upright or sloping. The 
proportion of brfcadth to height ranges from the square form, in 
which the breadth is equal to the height to the elongated, in 
wlfioh the breadth is one*third of the height. 

First decide'the height of the letters to be used for a heading 
in a drawing in proportion to the si/e of it. It depends on the 
taste and experience of the draughtsman to f select a good height 
for the heading orf fyjs t drawing which will ■ neither appenr too 
small nor too big. For drawings abou> 26" x 2o" size half an 
inch to three quarters of an inch is the proper height and <*br 
drawings on paper 40" x 27," Jtlj" to if may he selected 

The rectangular forms of letters look better than the square 
forms on dfawing?, A neat and synynetrical appearancj? is 
arrived at When the breadth <r-f the majority of the, letters i| £th 
of i*'he height. Divide the height selected intcs 5 eqral spaces. 
Make the breadths of I«i,J = 3, F,L-3£, T,W=^ spaces, 
M-4or5 spaces as it is drawn thin or thick and of the *,e- 
ipaining letters = 4 spaces. The space betwdefi e&oh wofd 
may be equal to or 5 spaces. Take oare tfyat the terminations 
of all letters should headways flat eand hever pfijnted. In 
elongated letfbrs divide ‘the height selected ihto ^ equal spaces 
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and keep the breadths of the letters the same as, stated befo?e> 
Tii^y will then fosk elongated., % 

The follo«ving hints*will be found useful ; — 

1. ‘The cross strokg of A should be> about Jrd up {torn Ae 

bottom. * 9 

2. The "upper [taction of the letter B is little smaller in 

height and breadth'than the lower portion. % * * 

3. In C and G the* lower termination is exactly &elow the 

upper one. • • , 

4. The upper strokes of E and Z should be little shorter 

than the lower ones. » 

5. The up^fer diagonal of K meets the perpendiculur 
stroke two-thirds of the way down. The lower^diagonal joins 
tfce upper one and is so drawn that it would meet the upright 
line«if produced two-thirds of the w^y from the bottom. 

6. The upper curve of S is little smaller than the lower 

curve. , • 

Snwfll prints in drawing are better done by Italic printing. 
Rule three parallel lines to regulate the heights of t>re small 
letters and* capital. The distance apart of ^he* top space is 
about y 0 th of an inch and of the bottom space about -jth of an 
inch ; the height practically depends on Jthe size of # the 
drawing. Inclined parallel lines should then^he rule^i ab$ut \ 
inch apart to define the slope of the printing. 

The beginner should pencil in eacjh letter before inking in ; 
when he has gained sufficient proficiency in printing the pen- 
ciling^may be^dis'pensed with. t » * ' 
m In printing in a cfrawing the letters should be so placed 
that the wor<js can be read without having to turn the drawing 
•round. 
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CHAPTER III/ 

0 r 

* 

DEFINITIONS Affo TERMS USED IN DRAWING. 

* 

A few definitions and terms are gjv£n belovf which will be 
found useful to beginners : — 

1 * A vertical Jine is a right line fthich points towards the 
centre of the eaith and is in the same r direction as a string 
suspended with a weight attached to it. On paper it is drawn 
up uf)-right right in front. 

2 . A horizontal line is a straight li*y* which forms a 

tangent to the surface of the earth at the point where you are 
standing. It is a line drawn at right angles to the vertical 
line. , , , 

3 . ° An.obliqufc line is neither horizontal nor vertical. 

4 . »A quadrilateral figure is also called a trapezium when 
none of its sjdes are parallel but may have two of fys sides 
equal. "Tigs, i & 2. 

5 . A trapezoid is a four sided figure which has only two of 
its sides parallel to each other. Fig. 3. 

<■($. An oblot*g is a rectangle. Fig. 4. 

7 . A rhombus is a four sided figure which has all its sides 
equal, but its angles are not right ang/es, it is a parallelogram 
whose four sides are equ£i. Fig. 5. f * 

8 . A rhombfoid is a four sided figure which has its ojfposite 

sides equal but its angles are nfit right angles. It fs a parallelo- 
gram. Fig. 6. r 0 

9 . Polygons are plane figures that contain m8re than four* 

sides. # • 

* Regular ^Polygofis have their sides add angles equal Eight 

such polygons are in ordinary dse. * « % # • 

* 1. Pentagon ... a five sided figure. tig*. 7 

r 2. Hexagon ... „ six „„ „ , 8 

3. Heptagon *... „ seven „ # „ 4 « ,S * 9 

* 4. Octagon .• „ eight „ 10 

5, No&agon nine « „ 11 

Decagud ••• * o ten n n ^ f- ** ^ 
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- f 7. Undiqagon eleven J n % „ „ 13 

8. , Duodecagon ... „ twelve. „ * „ „ ,14 

Rule to find Jhe angle of a regular 'polygon i-r 

, To find the angle- of a regular polygon divide 366° by the 
number of sides it contains and subtract the quotient from 180 0 
the remainder is tfye angle between t£e sides/>f the polygon/ 
r. For instance to find the angle of a ndnagon divide 360° by 9 
which 40° and°then subtract 40 ftjm 180 which is equal to 
140° the angle df a regular nonagon. 

' c 10 . An ordinate is a line drawn from a point in a curve 
perpendicular to the axis or the principal diameter as AB in 
fig- I 5 - 

11 . An abscissa is the part of the diameter cut off by an 
ordinate as PC in Ffg. 15. 

12 A diameter of a polygon is a line which passes throiijh 
the centre of the polygon and may pass through* one corner of 
the polygon and tfie middle point of the opposite sid£ when lihe 
number of sides of the polygon is uneven, or through the 
middle points of the two opposite sides of a polygon, Vhen the 
numbtt of sides of the polygon is even. It bisects the figure, 
AB in Fig. 7 'and AB and CD in Fig. 8. * 

13 . A diagonal of a polygon is a straight line which join, 
thg angular points of thn polygon which are not consecutives 
as AB, £C, AD, [or AE. Fig. 9. 

14 . An angle is the inclination of two straight lines to 

each other which meet «,at a point. * This, point is called the 
vertex of the angle. It is described by Che revolution of one of the 
two lines, with the <erte$ as the centre, starting from th§ other 
line which is considered as fixed. Gfcnefolly the left of the two 
lines revolves in the direction from the right to the left. The 
value is measured by degrees on the arc oi a circli described of 
any radius with the vertex as the eentre. Ij *is quite a distinct 
{neasurement'from the linear or space measurement. « c 
CTtvThe arcs DE and FC* show 'the same angle although FC 
,is lcnger than' DE. Fig. 16. * t 

* 15 . When a complete revolution ABE A is divided intp 4 

equal parts by two straight lines crossing eac^ 6t^er at ^Jie 
vertex which is the centre here then each'of «the quarters*is calted 
a right ang^e, &CB on /.BCE &c. «Whet> the revolution is leys 
than a right ^ffgie it is ap acute angll as £ AQj.'Fig. 17. 
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* Wh 2 n it is more than a right angVS but less than two right 
angle? it is an obtuse §mgle as /.ACK and when it is more .than 
two* right angles and less than one revolution a reflex angle 
*s*/ACLor / ACM. t Fig. 17 . * 

16. Abjacent angles hkve a common vertex and one 
comrhon side as /.J3AC and ,/CAD. ft\ the pmmon verted 
e and AC the common side. Fig. 18 . 9 «. 

17 r The supplement of an anglais the difference between 
it and the two rf^ht'angles. ,/ CAD is the supplement of CAB 
» fcnd vic£ versd. Tig. 19 . 

• 18. The complement of an angle is the difference between- 
it and a right angle. /XBD is the complement of /.ABC*and 
vied versa. Fig. 20 . 1 

19- Rectilineal figures are those which are bounded by 
straight lines as triangles, quadrilaterals and polygons. * 

20. The sum of the sides of any rectilineal figure or the 
length of the boundary of any figure is called its perimeter. 

2!. Any side of a triangle, quadrilateral or potygon may 
be dJ^ed Vs base. Usually the side which is horizontal or 
nearly so is taken as the base. • 

22. The height of a figure is called its altitude. The 

perpendicular from the opposite angle to the base of a triangle 
is Vs altitude, «as BD perpendicular to base AC of the triangle 
ABC, tfig. 2 oA. # p , 

23. The line whi^h divides a'trian^le into two equal parts 

from a corner is called the median off the triangle. It is a line 
from a corner # to 'the .middle point of the* opposite ^side as 
AD, Fig. 21 . * f 

24. When a rectilineal figure, is *drawn jnside another 

rectilineal figure so that all its afigular points Jie on the sides 6 f 
the outer figure the former is sat'd to be inscribed in the other, 
»FGHK is inscribed in A3CDE. Fig. £ 2 . * ‘ t ' 

25. When a rectilineal figure i^so drawn /hat i^ sidft pass* 
'thfbugh all the angular points of another rectiline&l^figure /he 
touter figure is said to be circumscribed about ^hp inner figure- 
ABCDE is circumscribed about FGHK. Fig. 21 *., V 

The term in&ritie is also used as oppose^ to describe. 
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tH'APTER IV. 

* • 11 i 

Rules for % J$iking in Drawings. 

j. CHven lines to be thin continuous lines. f 

2. Resulting lines to be tUck continuous lines. 

3. All constructioruhnea to be tlnn dotted lines. 

* LINK3 AND ANGLES; 

1 . To biseot a given straight line. F*g. 23. 

Let AB be the„ given straight line. With 'A as centre and 
radius more than half the line draw arcs above -1 and below tlrs * 
line. With B as centre and with the same radius intersect the 
arcs already drawn at C and D. Join CD by a straight line which 
will not only bisect. ‘Ae line but will be at right angles to it. 

2 To draw a perpendicular to a given r^raight line 
(a)»from a point in the line (b) from a point without it. 
Figs 24 and 26. 

(a) Let *AB be the given straight line. 'C is a point near 
one end of it' Take any point O 911 the upper side of AB, With 
O as cerj^re and OC as radius describe a circle cutting AB 
in D. Join D O and produce it to meet the circle at Join 
EC. Then 'ECD is a semicircle and the angle' ECO in the 
semicircle is a right angle. Fig. 24. 

(3) Let FG be the given straight line and K the givpn 
point outsidS it. With K as centre and radius more tjian the 
distance of it from FG draw the arc LMN cutting F G in 
L and N. With L and N^as centres and with radius more 
than half the distance NL intersect arcs in P. Join KP. Then 
KP wil>be perpendicular to FG. Fig. 2,5., > ' 

3. Divide* a giv$n 4 straigh't line into any number of 
eqtffel parte, say 8 parts. Fig. 20 . 

» Let AB \>e the’ given straight line to be divided ; draw a 
right line AC making ( any angle with AB. Set off on any 
* convenient* length 3 times as Ai, {2, 23, *34, 45, 56, 67 and 
7 C. Join C a*Md B. Dra\y from the points 7, 6, 5, 4, 3, 2, and 
i, lines paiidlel th CB then AB will be divided into 8 equal ports 4 

*4. Divide a straight line AB, i* inches long into 
parts whiph fc&*all have the ratio to each other of 2 : 3 t 5 . 
Fife. 27.* ' , » 

■» Draw a straight, line >AB and mersure on i$ a length of ij 
ncljes either ■ from , a foot rule or from’ the inch .scale on the 
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back of, protractor. Draw AC m^kin^ any angle with AB. 
Set off a length 2 + 3 + 5 ±= io times on AC and mark the 2nd, 
5th i and the last point *10. Join tfie last,, point 10 with B. Draw 
though the 5th and the 2nd points lines parallel to* 2 : 3 : 5 in the 
points D and E. AD : DE : EB :: 2 : £ : 5. Fig. 27. 

5. To find the third proportional, between two given* 
lines A and B ; i.e. ftnd a length C so ,tfiat A:B^: B:C. Fig 28 

Let A and B tv the two given lines. Take any, straight line 
as DE and set off distances from one 'end of it DP 1 and FE 
equal to A and B respectively Draw a straight line DO equal to 
Band making any angle with DE. Produce DO and join GF. 
From the point E , draw EH, parallel to FG meeting DG 
produced in H. Then GH will be the ^third proportional 
between A and B and will be equal to C. 

6. To find the fourth proportional between three 

f iven lines A, B and C. i.< t. find a length D r so that A : 
Fig. 29. 

Take EF and FG in the same straight line and equal to 
A and B respectively. Draw a ‘line EH. at any angle W with EG 
and '^iual fo C. Produce EH and join FH. DfAw GK 
paralleF'To FH meeting EH produced in K. Then HK is 
he fourth proportional and is equal to D. 

7. To find the mean proportional between two given 
flings A and B*that is to find C so that A:C:;C:B. Fig. 30. 

Take DE, EF on the same straight line and equal to A 
and B respectively. On the whole li/ie DF draw a semicircle , 
DHF. From E draw V EH perpendicular to DF meeting the 
semicircle at H. . Then EH is the mean prqoortional between 
DE and EF t. e. between 4 A and B i. ^ EH is'eqaal to C. 

8. Divide a given straight line *AB in the extrefne 
and mean ratio that is to find a point Q in AR such that 
AB: AC::AC:CB. Fig. 31. t 

Bi&ct AB at T) and at B draw PE perpendicular to AB , 
ahd equal to BD i. e half oPA B, Join EA. Witji E as centre 
and EB as radius draw an arc BF meeting EA in JV With A 
As centre and AF as radius draw an arc FC meeting. AB in G. 
Then AB is divided in C such that AEkAC::AC:CB. * 41 

k 9. To find a point M in a grsep strafght iinS &B 
which shall be equidistant from t;w&> given points P and 
Q Without the line. frig. 32. 1 ti *. 
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h Joig. PQ. Bisect PQ at C. Frppci C draw C M perpendi- 
cular to PQ meeting AB in M. Then M is the' required point, 
as MP and MQ are equal. 

> >10. Prom two given points without a straight line 
to draw two straight lines to meot the given line and 
make equal angles with it. t 

Let P and Q ■’be the two giveiupoints and AB the given 
straight line. Dra\y t PD perpendicular to AB and produce it 
to E anu make DE=PD. Join EQ cutting AB in C* Join PC. 
Then /.PCA=/.QCB that is PC and QC ire equally inclined 
‘to AB. 

11. To bisect p. given angle. Pig. 34. 

ist method Let BAC be the given* angle. With A as 
•centre and with any convenient length as radius draw the arc 
EF meeting nB and AC in E and F respectively. With E and 
F as centres with any radius draw arcs intersecting in G. _ Joir 
AG. xThen AG bisects the Z. BAC. 

2nd method : Fig. 35. — Take any two points and E ir 
AB ^ with A as centre and radii AD and AE draw arcs meeting 
AC *\\i Fand G respectively. Join DG and EF which- intersec 
in H. Join AH. Then AH bisects the angle BAC. 

12. To triaect a given right angle. Pig. 30. 

Let ABC be a right angle. With A as centre and with an; 
■radrus AB draw'the quadrant BC. With B and C as centre 
and wiih the same radius AB intersect the arc BC in D and E 
Join AD and AE ; then AD and AE will trisect the quadrant. 

13. To draw a straight line parallel to a given straigh 

line and at a gives distance. Fig. 37. r „ v 

Let AB be the given line and D the giv£n distance tak 
any two points E and F in the line AB and draw perpendicthar 
EG and FH from these points to the line AB. <Make the pei 
pendiculars equal to D by comoasses or by arcs drawn fror 
the points E and F with radius equal tp D. The lipe passin 
through G and H is paiallei AB. r , 

- N.B. Practically perpendiculars and parallels ?ie drawn b 
set squares and not by geometrical problems. It requires Hit] 
practice to learn the use of set squares one of which is to b 
held firm to the pape/ when the other is moved. Fig.’ 58. 

14. To di*aw a Jins through 'a given point paralh 
to a give£ line. 
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* ' Let cAB be the given line and G the given point. From 
C draw; CD perpendicular to AB. Take a point E in AB as* far 
away from the point D as convenient and draw EJ 7 perpendicular 
to v AB. Make EF equal to CD. Join CF and produce it both ways. 
The line CF is parallel to AB and drawn through the given 
point C. Fig. 39. 

The parallel through C can be driwn as well by a pair of 
set squares. <■ f 

15 . To determine the direction o£ the line which 
Wpuld bisect the angle between two converging lines, 
intersecting beyond the limits of the paper. Figs. 40 & 41 . 

Let AB and CD be the two converging lines. 

1st Method On CD take any point E. r Draw EG parallel 
to AB. Bisect *he angle CEO by EFL meeting AB in L. Bisect 
the line EL by HIv which intersect it at F. This bisector HK w»B 
bisect the angle between the two lines AB and CD vhen 
sufficiently produced. Fig. 40 

, ,2nd'. Method lake any point E in AB, draw EF per- 
pendicular to AB and of any convenient length. Take another 
point G : n CD ; draw GH perpendicular to CD and equal to 
EF. Through F and H draw straight lines KF and KH 
parallel to AB and CD respectively intersecting at K. Bisect 
the angle FKH by KL. Then KL produced will bisect the 
anglfe between A'^> and CD. Fig. 41. 
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16. Determine thfe dfrection of the line drawn fhrougt 
a giyen point between two converging lines which wqjild 
pass through^t£e point where the two lines meet. Fig. 42. 

Let AB and CD be the two convergir^g lines and P any*poirft 
between them. Dr^w an^ straight line DB intersecting the two 
•given lines at D and 4$ on one side of thejioint P and anbther 
straight line on, the ©ther side of the point and parallel to 
D B. Join CP and AP, Draw DE and Bffc parallel to f CP and 
AP respectively meeting* at E. Join PE which produced will 
pass through the pcflnt where the two convergent lines meet. # f 

17. Through a point P draw a line making equal 
angles with two converging lines AB and CD. Fig. 43. 

Let AB and QD be the two converging lines Through 
any point F in AB draw EFG parallel to CS>. Bisect the angle 
E£B by the line FK. Through P draw PH parallel to KF. 
The lyie PH makes equal angles with AB and CD. 

18. To.draw an angle equal to a give A angle*. Fi|jf. 44 # 

Let AlfC he the given angle.. Draw a straight line 

the poin^D on the straight line DE an angle is to be ^onstjrcted 
equal to ABC. With B as centre and with any radius BAr'araw 
an arc AC meeting BC in C. With the same radhis and from 
D as centre draw an arc EF. Set off the chord length AC from 
the point E on the arc EF as chord EF. , Join DF and produce. 
Then the angle EDF is equal to the Z ABC. \ * 
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19/ Ter divide a right angle 1 into £ equal parts. 
Fig. '45. c , * 

Let ABC be a right angle. Ditide one* §jde BC in the 
txirerjie and mean ratip in D so that BC : BD: : BD: DC. With 
B as centre and BD the greater segment as radius draw the 
quadrant DF cutting BA in F. With C \ f as centre and CB as 
radius describe the arc BE intersecting; the^arc DF in E. Then 
the arcT'E ib a fifth of the quadrant FD. Set off on FD arcs 
equal to FE which will divide it into 5 iqual parts. The greater 
f segment of the side BC should be towards tfie right angle. 

20. To find the Arithmetic, the Geometric and the 
Harmonic mean between two given lines AB and BC. 
Fig. 46. < 

Place the two lines AB and BC as one straight line ABC. 
Bisect AC h D 'With D as centre, and radius DA draw the 
semi-circle AEC. From B draw BE perpendicular to AC 
meeting the semicircle in' E. Join DE. Frofn B draw BH 
perpendicular to° DE. Then AD is the Arithmetic, BE the 
.Geometric and EH the Harmonic mean between' AB and BC. 

Vjll. To divide a given straight line harihpnically. 
Fig. 47. 

AB is the # given straight line. It is required to divide it in 
two points C and E such that BA: AC: : BE: EC or to find a 
length AE such that BA— AE : AE— AC: : BA : AC. 

* Take C arfy point in AB and on CB describe a semicircle. 
Draw AD a tangent to the semicircle touching it at D. From 
D draw DE perpendicular to AB. Then BA : AC: :BE:EC. 
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22. A given leigtl\ is 1 % inches long • fln$ line* 
representing a/2, a/3, J6 & c. Pig. 48. 

• 1 • ^ 9 

Let AB be (he give* length representing inches from 
a scale. * • % • 

To find the unit length, divide AB into three equal parts 
in C and D. Thenta*^ part represents | inch and AD=?X 
*=i"=unit length. # Dra\* AE perpendicular to AB tyid equal 
to AD. Jojn DE, then DE represents a/ 2. #At E on draw 
EF perpendicular to it an® equal to AB. Joip ED ; then FD is 
— 4/3. Draw FG perpendicular to FD at F *and equal to it. # 
Join GD. Then GD represents y/ b. 9 

To construct certain angles without the aid of a 
pro'fractor. ^ 

Draw a circle of any radius ; divide the* circumference into 
4 £qual parts by two diameters crossing each otter at right 
angle^. Then £ach division is 90°. Bet off thp radius length on 
the circumference and join these points with the.centre, themeach 
angle at the Centre is 6o°. 

By tfee use of set squares' 45 0 and 6o° the follp^Sg 
angles cat be easily drawn. * ^ 

1 S°, 2 2i°, 30 0 , 45 0 , 6o°, 67^°, 75 0 , 90° &c. 
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, CHAPTER V 

*' f , 

TRIANGLES AND QUADRILATERALS. 

23. On a given straight line to construct a triangle 
similar or equiangular to a given triangle. Fig. 49, f 

Let ABC be the given triangle an& HK the given line, At 
H on HOC draw the*angle OHK=» £ B^C (prop. 18 — Chap. IV) 
and at K draw the angle OIvH= Z. BCA, f £hen theZ. HOK is 
'equal to the remaining angle ABC and the triangle OHK is 
equiangular to the triangle ABC. 

24. To construct a triangle, the three sides being 
given. Let A, B and C be the three gived sides. Fig. 50. 

Draw a^straigh? line EF equal to C. With E as centre 
and radius equal to A draw an arc and with F as centre add 
radiug equal to B dfaw an arc to intersect the first arc at D.°Join 
DE and DF. Then DEF is the triangle whose three sides are 
eqjial te A, B and C. 

Ji£iis problem is useful for plotting the triangles of* c, survey. 

25. * To t construct an isosceles trianglq, the base 
and altitude being given. Fig. 51. 

Let BC he the base and D the given altitude. Bisect 
BG at E and draw EA perpendicular to it and equal to D. 
Join AB and AC*- Then ABC is the required isosceles triangle. 
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26. To oonstruci a Jbriarigle with two sides eq^ial toi n t# 
two given lines and the included angle equal'to a given t» 
angl# C. Pig. 52. • # . 

Let A and the two given lines and C the given $ngle* 
Draw an* angle DEF eqyal to C # the given angle. Markoff 
EF equal to B and DO^qual to A. Join DF. Then DEf is 
the required triangle. % • 

27- To construct a triangle giver^ two sides and * 
an altitude* Pig. 53 . * . • 

Let AB be the gfren altitude, C and D the two given sides. 
Through B one end of the altitude draw EF at right angle?* 
to AB. With A as centre and with radii t;qual to C and D 
respectively draw arcs cutting EF in E and F. Join AE and 
AF. Then AEF is*fhe triangle. 

28. To constructs triangle, given the vertical angle, 

odfe of the base angles and the base. Fig. 54. 

£ ® » 

Let L E be the vertical angle, L B, one or .the base 2*gles 

and AC the*base. * 

At \ on AC make the angle CAl) equal to Z. B. In Etfffif 
vertical aligle make the angle EFG equal to Z B. /ft C^fraw 
the angle i^CD equal to the angle EGF. Then, the triangle 
DAC is the required triangle. • 
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« 29. To construct a triangle giVen base, one angle 

it the base' and the difference of the two sides. Fig. 6a 
f Let AB be the bj.se, A C th£ giveij angle of the base* and 
Dthe difference of the two sides. * r 

At A on the line AB make ap angle equal to *the given.’ 
angle C. Mark off AF equal* to D, the giv^i difference of the 
two 'sides. Join FJB. Bisect FB at fight armies by a line 
, meeting t \F produced in E. Join *EB. ‘ Then AEB is the 
required., triangle. r ( r 

30. To construct a triangle given the base, the 
vertical angle And the sum of the two sides. Fig. 50. 

Let B be the base, C the vertical angle and D the sum of 
the two sides or perimeter minus the base. Draw aniline 
AF and make it equal to D. Bisect the £, : yen vertical angle 
C. At F on the <?ine FA construct an angle AFE equal to 
half the vertfcal angle C. From the point A and with radios 
equal to B draw r an arc cutting FE in E. Join AE. Bisect 
FE afc right angles, by GH meeting AF in G. Join„GE. Then 
GEA is the required triangle. * 

' To construct a triangle the base, altitude and 
the \s^rtici*l angle being given. Fig. 57. 

Let AB J)e the base, C the altitude and L D 0 the vertical 
angle. At A on AB make the angle BAF equal L D. At A draw 
AO perpendicular to AF. Bisect AB at G and draw GO 
pei^endicular tc^AB meeting AO in 0. Then with centre O 
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and radius OA draw a girdle AEHB. The angle ip thf* segment* 
is equal toZBAF=.zD. Dra^v EH parallel # to AB 
at a dllstarice C^from it and cutting the circumference in E? and 
H. Join a£, BE or AH and BH. Then *AEB and iVHB are < 
the two triangles with the given conditions. 

> 32 Draw alright angled triangle, given the'hypo- 

tenuse and 8ne qf thq sides. Pig. 58 * * 

Let AB be the hypotenuse and C tile length o^one side. 
Describe, a semicircle ADB on AB. With A as centre and C 
as radius intersect* the arc of the semicircle in D. Join 
and DB. Then ADB is the required triangle. 

m 33. Draw a right angled triangle, given the hypo- 
tenuse and th<^ perpendicular let fall on to it from the 
opposite angle. Pig. 59. % 

% Let AB be the hypotenuse. Draw a semicifcle on Aft. 
Let^C be the given altitude. Draw FGjDarallel to AB at the 
distance C from it (prob. 13— Chap.IV). FG cuts the circum- 
ference at*F and G. Join AF, FB or AG, GB. * Then AFB 
or AGB # is the triangle with the given conditions. .. ^ 

34? Construct a triangle given two sicfbe the 
included paedian. Pig. 60. 

Let A and B be the two sides and C thA included median 
Draw a triangle DEF with the jyde DF=A, DE=B and 
EE=2C, i e., double of the given median, bisect the sid# FE 
in G. Join DG and produce it to H making Gli equtfl to DG. 
Join EH. Then DEH is # the required triangle. 
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, c 35. f To construct a triangle tjre ^pkse and the ratio of 
the angles b6ing given. Pig. 01. 

hit AB be the bast and the ratio of the angles be as ' 2\ 
3 >4* 

Prbduce BA ; with A as centre anc^ with any radibs des- 
cribe a semicircle. Divide this'semicircle into^-e + 3+4 = 9 equal 
parts (first into 3 equal parts by setting oft the radius length on 
the arc and then divide each part into eq^al parts by trial) 
mark th«, divisions c ks 1, 2, 3, 4, 5, &c >4 Join A2 and produce. 
Join A5. From B*draw BC parallel to A5 meeting A2 produced 
hp t C. Then ACB' is the required triangle. 

30. Construct a triangle, the perimeter and the pro- 
portion of the side9< being given. Pig. 62. 

Let AB be the perimeter and the ratio ^of the sides be* as 
2:4:5. Draw a line^at an angle to AB and set off any con- 
venient length 2+4 + 5 = 11 times on it. Join B and the 11th 
point. From the 6J1 and the, 2nd division draw 6E and 2D 
parallel to Bi 1 cuttjnk AB in E and I). With £) and D as 
centres and” with D \ and EB respectively as radfj draw arcs 
Cubing euch other at C. Join* DC and CE. Then CDE is 
the rebjired triangle *’ < 

3yN Given one angle at the base, the altitude and the 

g erimeter of the triangle to construct the* triangle. 
( ig. 03. * 

Let L D be the angle at the base, C the altitude and 
ABvhe perimetef: 
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. Draw any line GH*and take any point P in it. At # P wij/i # 
GP make the ZGPE-= L D. Draw the line RL parallel to 
GH &nd at the distance C frbm it. LA KL cut PE # a* E. 
Take EK^EF^and make KL = AB the pcnimeter. Join { 
Bisect PL at N ; draw NF perpendicular t© PL meeting ls.L at 
F. Join FP The^PFl? is the required triangle. 

# 38 Givew the vertical angle, altitude and half the 

perimeter, constrftct the triangle Fig. 64. • • 

Let L G be the vertical angle, AD the altitude arftl AF = 
perimeter. # # 

On AF at A make the angle FAE - t G. Make AE» AF = 
l perimeter At E and F draw EO and F£) perpendiculars to 
AKhnd AF respectively meeting at O. With O as centre and 
OE or OF as radius draw the arc EKF and with A as centre and . 
AD as radius draw the arc DH. Draw a conffnon tangent 
B7CCD touching the two arcs EKF and HD at K and D. Let 
the tSngent hfKCD cut AE and A? at B antljC. Then i^BC is 
the requirecjjtriangle • 

39. The perimeter of a triangle is 3 % inchftSk^&fG 
vertical Ansrle is 60’ and one of the sides is half^ thas^pase. 
Construct the triangle. Fig. 65. 

Take £ny straight line AB, and draw % s*egment of & 
circle on it which will contain 6o° With A a$ centre and half 
of AB ns radius intersect the arc of the segment m C. Join AC 
and CB Then ACB is a triangle which has 6%° vertical angle 
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ard AC one side equal to half the base. Produce AB both 
ways.. On the produced portions take AD = AC and BE=BC 
Then DE is equal to the perimeter of the triangle, ACB. 

D/raw DF equal to 3^ inches at any angle with DE. Join 
EF and draw BH and AG through the points B and A parallel 
to EF*. With G and H as centres and, 'with GD and FH 
respectively as radii draw arcs cutting eacj^ other in K. Join 
KG and KH. Thcya KGH is the required triangle. 

40. Construct, a triangle having given the base, alti- 
tude and the sum of the two sides. Pig. 36. 

Let B be the given base. A the sum of the two sides and T 
the given altitude. 

Draw FN = B and bisect FN in C an£ produce it both 
ways to D a’~d E making CD=CE=^ == half of the sum of the 
two sides. Draw CG perpendicular to FN. With F as centre 
and CE as radius describe an 'arc intersecting CG in H. I.lake 
CK= T the given altitude ; through IC draw KLP parallel to 
With C as centre and CE and CH as radii draw circles. 
Let jjhe smaller circle cut the line KLP in L. JoiiCLand 
produtv-it to meet the outer circle in M. From M draw MP 
parallel to CG meeting KLP in P. Join PN aud PF then 
PNE is the requ.red triangle. 

_ t _ N* B. The point P is on an ellipse of major axis DE and 
minor axis CH. (see chap. XII, Fig. 201). 
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41. To construct* a *triangle having given the bafie • 
«U ; ; perimeter=2£" and the area =0^ 2 Sqr. in. A B«* base, 
EF=perimete$— base^li". Fig. 07. 

From the area we are to find the ^ltitude of the twanglfc. 1 
Draw AB«=i" and BC ^erpendictilar to AB and equal to 0*42'' 
•Then the rectangle ^detained by AB and BC has the area=* 
•42 sqr. in. ff BC t is produced to D makifig CD«B£ then Bt) # 
is the altitude of the triangle on base AB witli an area 0(^42 sqr. 
inches. The problem fc, now, resolved tp given base, altitude 
and the perimeter (l€se-fsum of two sides) of a* triangle to draw 
the triangle which is done by prob. 40. # 

42. On a given straight line to* draw a square. 

Fi£ 68. * 

Let AB be the given straight line.* At A on AB erect a 
Perpendicular AC equal to AB. With B and C as # centres and 
with # radius AB draw arcs interseating at I). Join DC and DB. 
Then ABDC is the square. • • 

43. TX> construct a rectangle of given sides. Pig 09^ 
LeJ «AC be a long side of the rectangle and B th^^ngth 

of a short side of it. At A on AC erect a perpendiculagetfual to 
B. With D and C as centres and with AC and B respectively 
as radii draw arcs intersecting at E. Join D&and EC. Then 
ACED is the required rectangle. # 

44. To construct a rectangle, the diHgonal andt>ne 
side being given. Pig. 70. 
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Let AB be the diagonal and C one: side of the rectangle' 
Describe a semicirck on AB. With A as centre and radius 
equal to C draw an arc intersecting the semicir'c’e in D. Join 
aD, DB. From A draw AE parallel to DB and from B draw 
BE parallel to AD meeting AE in E. "I hen ADBE is the re- 
quired rectangle. ' " % 

45. To construct a rhombus fl \vith sides equal to the 

given Fne A and 'an angle equal to the given angle B. 
Pig. 71 . ' * 

Draw a straight line DE equal to A. At 1 ) on DE make the 
angle EDO equal to B. Make DG equal to A. With G and E 
fts centres and with A as radius draw arcs intersecting in F. 
Join GF and FE. Then DEFG is the required rhombus. 

46. To. construct a rhomboid (parallelogram), the 
diagonal and the two sides being given. Pig. 72. 

Let AB be the diagonal and C and 1 ) the two sides. ‘With 
radiu^ C and centres A and B describe two arcs. With 
’•adius D and from the same centres intersect the arcs in E and F. 
JoicME, EB, FB and FA. Then AEBF is the required rhom- 
boid?* ’ ' 

47. On 0 a given line to construct a rectilineal figure 
similar to a gitfen rectilineal figure Pig. 73. 

Let ABODE be the given rectilineal figure and FG the 
giv&n line. Jam AD and BD dividing ABODE into 3 triangles. 
On FG make the triangle FHG similar to ABD and on the 
line HG make the triangle HKG similar to the triangle 
BCD and on the line FH make the triangle HMF similar to 
triangle ADE (Piop. 23, Chap V). Then he figure FCKHM 
is similar to the figure ABODE and drrwi>on the line FG. 

48. To construct a triangle ha\ in^ given A, B and 
0 the lengths of the three medians. F i g774. 

Let A, B and C be the three medians Jttat is lines drawn 
from the vet dees pf a triangle to the middle points of the 
opposite sides. 

, Draw D E equal to A and produce it to F' shell tnat EF=> 
EG=*. With F and G as centres and § C and $ B as radii 
respectively describe two arcs intersecting at H. . Toin HE and 
produce it to K making EK=EH. Join jBH and DK. Then 
DHK is tl\e triangle req aired. 
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POLYGONS. 

n '49, To inscribe aDy regular polygon in & r given circle 
eay a heptagon. Pig-. 75. 

Let ABC be the given circle. Draw^ny diameter of the 
circle as AB. Divide *he diameter AB into the sane number of 
equal parL as the inscribed figure has siues (in this case 7). With 
A and B as centres and AB as radius draw arcs intersecting at D. 
Join D with the 2nd point from one end and produce it to meet the 
ci-cle at C. Then the chord AC is a side of the inscribed figure. 
Set it off seven times round the circumference and join the points. 

Note — This method is very near approximation. The 
greatest care must be exercised in dividing tl r e line and in draw- 
ing the line from D exactly through the point 2. 

50. ToTnscribe any regular polygon in a given circle 
Sud method (a pentagon for example). Pig. 70. 

I at ACD be the given circle and draw a radius BA in it. At 
A draw a tangent to the circle and with A as centre 2nd AB as 
draw a semicircle OB$. Divide the semicircle into as 
many,, -qua 1 , parts as the inscribed figure has sides, in this case 
five. Fiom the point A draw lines through each of these divi- 
sions till they vaeet the circumference of the circle aCD. Join 
these points which will give the required polygon. 

Note . — Semicircle OB 5 gives an arc for trial division instead 
■of the original circle 

51. On a given line to describe a regular polygon 
(general rule). Pig. 77. 

Let AB be the givetV lin£. Draw BC a: right angles to AB 
and equal to it. Bisect AB at D. f)raw DC). perpendicular to 
AB. Bisect the right angle AFC by BO meeting DO at 0. Pro- 
duce DO upwards and downwards. Draw the quadrant A 6, C 
cutting DO produced at 6. Bisect O 6 at 5. *Takr the distance 
O 5 and set it off as 67,, 78, 89 Upwards of 5 and 43, 32, 21 
downwards from 0. 0 

1 If a circle is described prith 0 or 4 a§ centre and OB or J OAj 
as radius it will be seen that AB can be set off exactly 4 limes 
in tne circumference. If 5 be taken as centre and with 5 A or 
$B as radius a circle is described it wity be seen thpt AB will .lie 
5 times on the circumference. Similarly if 6 irj used as ceqlre 
and 6B as radius 4 a hocagon can be described of side AB, if 7 is 
used as centre and 7 Btis radius a heptagon can be described of 
si<Je AB so an.' / 
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2nd Method. Fig. 78. — Let AB be the given line. Draw BK 
at right angles to AB and make it equal £b AB. Draw the quadrant 
AK and divide it info as many *equal paits as there are side's to 
the polygon to be, described on AB (in this case fi\ e). Join B with 
the ind division from K. Bisect AB at D and draw DC 
perpendicular to AB meeting B2 in C. With C as centre and 
CB or CA as radius draw a circle. From' the pqint A mark oif 
. round tl>e circumference the distance AB, a«side of the polygon. 
AB cart be set off Oxactly five times on the circumference. Join 
the points and the required pentagon will be drawn. 

3rd Method . Fig. 79. — Let AB be the given line. Produce BA 
to C making AC equal to AB. Draw a semicircle on BC the whole 
line. Divide the semicircle into 5 equal parts i.e., the number of 
sides of the polygon. Join the 2nd division 1 from C to A as A2. 
Bisect AB and A 2 b) lines ON and OM respectively, meeting at O. 
With 0 as cemre and OA or OB as radius describe a circle. 
Set off AB three, times more on the circumference from B. 
It Will be, seen that the last point will coincide ^yith 2 The 
^required polygon is obtained by joining the points on the 
cub conference. ’ „ 

r '*■ 'i /* 

' f}2. On a given line to construct a regular pentagon 
(special method). Fig. 80. 

Let AB be the given iine. At B draw BC perpendicular to 
AB and equal to it. Bisect AB in D. With D as centre and 
DC as radius ..\iraw the arc CE meeting AB produced in E. 
With A and B a'S centres and AE as radius draw arcs intersecting 
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?n # F. With A, B aftcf F as centres and radius equal to Ag 
draw arcs intersecting at # H 'and K. Join AH, HF, ?K and 
KB. Then ABKFH is th^ requfred pentagcfn. • • 

53 On a^flven line to construct a regular hexagon. 

Pig. 8K . • ‘ # 

Let AB be the givcfc line. With A and B as centres and 
fadius AB draw arcs Thiersecting each other at C. With C as 
centre and radius dia*v a circle On tfie circumference of 
this circle sej off the length of the radius round fjjpm A ; 
the points being joined vviTl give the required Jiexagon. 

54 In a give* circle to inscribe a regular heptagon^ 

(special method;. Pig. 82. •* 

Let DBC be the given circle. Draw # any radius AB in it 
and bisect it in E Through E draw CEI) perpendicular to AB 
meeting the circle iifC and I). Then CE or ED is the length 
of one side of the heptagon to be inscribe!? in the# circle. Set 
of^this distance round the circle and join the points to get the 
required heptagon. ' • 

55. On a given line AB to construct $ regular 
octagon. Pig. 83. # ^ 

AtA # andB draw perpendiculars AK and BH I*rn 
AB to I? and bisect the angle HBE by the line BP^Make 
BF = AB .Similarly produce BA and bisect the outer right 
angle at A by the line AM and make AM=$.B. Join MF. 
Make the two perpendiculars AK and BH each equal to MF. 
From the points K, H, F and M as centres ?*id with AB # as 
radius draw arcs intersecting at L and G. Join, ML, LK, KH 
HG, GF. The figure ABFGHKLM is the required octagon. 

• • 
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r The same, 2 nd method (Fig. f 8^/ 

()n AP> draw a t square A$DC. Draw the diagonals ,.BC 
ana AD and produce them upwards to<‘E and Make CE and 
DF e?ch equal t6 AB. Through the points A and F, B and E 
draw lines parallel to" BE and AF r espectively. Make these 
parallel lines equal to AB and join GE* I1K and FH. Theta 
the octagon is completed. u ^ 

50 . In a givnn cirole to inscribe a regular nonagon. 
Fig. o5. ■» 

Let ADC be the given circle. Draw t l ne diameters AB and 
CD perpendicular to each other. With C as centre and CE as 
radius draw the arc EF cutting the circle in F. With D as 
centre and DF as radius draw an arc FG putting AB produced 
in G. With G as pentre and GC as radius draw the arc CH 
cutting AB‘!n H. Then HA is a side of the nonagon to be 
inscribed in the circle. Set jt off nine times on th^ circumference 
and hy joining th^ points the nonagon is obtained. 

57. In a given cirole to inscribe a regular ’*undecagon. 

^ 86 . ’ 

A3D be the given circle. Draw the two diameters AB 
and Cb at right angles to each other and intersecting in E. With 
D as centre an£ DE as radius draw an arc EF cutting the circle 
in F. With B as centre and BE as radius draw an arc cutting 
th<e circle in Q, With *G as centre and GF as radius draw an 
arc FH cuttirig, the diameter AB in H. Join the chord FH 
Then the chord FH is equal to one side of the undecagon. 
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* 58. In a given cifclef to inscribe a regular quftideof- 
go*. . Pig. 87. . • • # 

Let ABC the gflven circle. Inscribe an equilateral 
triangle ABC in the circle. Then the circumference is tristcted? 
Inscribe a regular pentagon in the tircle ABC with a vertex at 
A as ADEFG. ThtNpentagon divides the circumference in 
5 equal parts. * The^ arc t DB = arc AB — afc AD - (1 — \ .) of 
the circumference = T a 3 - circumference. Bisect ^the arc ETB in H. 
Then the chord DM is a sfcle of the quindecagjon.* 

59. To construct any regular polygon the length 
of the diameter being given (say a pentagon.) P’ig. 88. •• 
Let AB be the given diameter. Through B draw a line at 
right angles to AB and make BC = BD on each side of B. On 
CD describe a re£hlar pentagon CEMFD. Join BE, BM 
and BF. From A draw AG and AH parallel to M£ and MF 
meeting BE and BF in G and H Draw GK and HL parallel to 
EC and FD meeting CD in K and *L. Than AGKLH is the 
required pentagon. • , 9 

60 To*eonstruct any regular polygon, the length of*, 
any diagonal being given. Fijf. 89. •■■*-**' 

Let ft be the length of one of the longer diagv?na1T Si a 
regular hexagpn. # 9 

On any base CB construct a regular hexacon CDEFGB. 
From C draw the diagonals CE, CF and CG. Produce CF 
the longer diagonal to H making CH equal fp A. Produce 
the other diagonals and from H draw HK and ,MM parallel to 
FE and FG meeting the diagonals CE and CG produced in K and 
M. From K and M tjraw KL and MN garallel to ED and GB 
meeting CD and CB prodflced in L and N then CLKHMN 
is the rftjuird l\ex 8 gon • % 
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TO INSCRIBE AND CIRCUMSCRIBE RECTILINEAL FIGURES.* 

u 1 

01. ^To inscribe an equilatelal tfiangle in a given 

square^ Fig. 9£. f 

Let ABCD be ;he given square. Draw, AC a diagonal of the 
-square. On AC describe an equilateral triangle CEA From 
D a corner of the square within the triangle draw DP 
, and DG parallel UVEA and EC respectively and meeting the 
sides of the square in F and G. Join GFr Then DGF is the 
equilateral triangle. < 

02. To inscribe an equilateral triangle in a given 

pentagon. Fig. ,91. ' 

He t AJBDEC be the given pentagon. Through E draw P’G 
^arallet to AB. With E as .centre and with any radius draw 
a s^hvgircle FHKG. From F and G as centres and with the 
same' radius intersect the semicircle in H and K. Join EH 
and EK and c produce them to meet the sides CA und DB in L 
and M. Join L‘M. Then ELM is the equilateral triangle 

03. To describe an equilateral triangle about a given 
square. Fig * 92. 

Lef ABCD be the given square. On CD the top line of 
the square draw an equilateral triangle CED. Produce EC and 
ED to meet AB produced in F and G, Then EFG is the 
equilateral triangle. , L t 
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04. In a given triangle to inscribe a square. Fig. 935 

# L*et ABC be the triangle. *Draw AE perpendicular to* BC 
the base. Dra** AD at right angles to AE *ind equal to it. 
Join BD butting AC in (}. From G draw GK parallel tb AE* 
nieeting BC in K an^XrF parallel to BC meeting AB in F. 
l*)raw FH parallel to Then FGKH is tl^e required squire. 

Note: — The method ot # construction of problems 6i *nd 64 is • 
similar. It is*by the locus points of similar fibres. In 69*93 the 
smallest square may be imagined to be in the corner I? and the biggest 
square is on the line AE? so that by joining B and D thfe locus of a corner 
of the square is found which intersecting the side AC gives the positioif* 
of one corner of the square to be inscribed in thj triangle. 

Cfe In a givei^triangle to inscribe a rectangle having 
one of its sides equal to a given line. Fig. 94. 

„ Let ABC be the given triangle and K the given line. 

Fiorn B along the base BC of the triangle ABC measure 
BD equal to K. Draw DE parallel to BA# meeting AC in 
E. From E\Iraw EG parallel to BC. From G and Ef draw GH 
and EF perpendicular to BC. Then GEFH is the 
rectangle? » » 

66. To inscribe an isosceles triangle in a given square 
having a base equal to a given line Fig. 9£. 

Let ABCD be the given square and ^ the given base. Draw 
AC the diagonal of the square and on AC sJjt off AF eqial 
to E. Draw FG parallel to AB and GH parallel* to AO. Join 
DH and DG. Then DHG is the required isosceles triangle. 

• 1 
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07; To inscribe a square In a given quadrilateral 
figure which has its adjacent pairs of sides equal. Fig. 90. 

Let ABCD be the given quadrilateral. ' Draw the two 
diagonals AC and BD; From the extremity D of the diagonal 
BD draw DE at right angles to DB and eaual to it. Join AE 
cutting DC in F. Draw FG parallel to XC meefing AD in G. 
From thapoints F and G draw FK '<and (SH parallel to DB 
meeting the sides tn K and H. Joii? HK. Then FGHK is 
the required figure The construction ig similar to that of 
problem 62. 

08. To inscribe a square in a sector. Fig. 97. 

Let ABC be the sector. Join BC the' chord. Draw CD 
at right angles to CB and equal to it. Join DA cutting the 
arc BC in E. Draw EF parallel to BC meeting the arc in F. 
Draw FG and EH at right angles to FE from the -points F .°nd E 
meetiug the sides in G and H. Join GH. Then EFGH is 
^the required square. 

* To inscribe a square in a segment. Fig. .98. 

Let AFF.B be a segment of a circle. Draw ■ BC at right 
angles to ABatyd equal to it. Bisect AB at D. Join CD 
cutting the arc in E. Draw EF parallel to AB meeting the arc 
in E. From E.and F draw EH and FG parallel to BC meeting 
AB in H and Then EFGH is the square. 
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* 70. To inscribe a square within another*squAre hsfr- 
ing a side equal to a given Jength. IJig. 99. • f 

Let ABCfJ be the given square and D the given lengtjj. 
Make (?F equal to E. , Bisect pF in G. Draw GH parallel 
to DA meeting the diagonal DB in H. With 0 as centre and 
'OH as radius draw a circle cutting the sidss of the square in K, 
L, M and N. Joirf KLMN, which is the reauired squ»re. « 

* ’ • 

71. To inscribe a Square in another t square one corner 
of the inscribed figure to be in a given powit. Pig 1 00. 

• • 

Let ABCD be the given square and P a given point in 
AD, Draw AC, BD the diagonals intersecting in 0. With 0 
as centre and radir# OP describe a circle cutting the sides of 
the square in 8 points. Join every third [koint from P and the 
.square PQRS is obtained. 

?2 To inscribe a regular hexagon 1 in an equilateral 
triangle. jFig. 101. * 

Let J'DE be the equilateral* triangle. Bisect each ‘anghFof 
the triaTigle by the lines F'B, DC and EA intersjcftffg -fti 0. 
With O as centre and OF as radius describe a circle ciTtting the 
bisectors in B, C and A. Toin AB, BC, CA cutting the sides 
of FDE in H, K L, M, N, and G Join Hk LM and NG. 
The figure GNMLKH is the hexagon. * , # 


• » 




CHAPTER VIII. 

CONSTRUCTION OF ANGLES AND PROTRACTORS. 

Plane angles are obtained by the revolp*: 7 m of a straight line 
from a fixed straight line about a point where ‘the two lines 
meet. It is m easing first by dividing a complete revolution or 
the circle described by the revolving lir 2 into 4 equal parts by 
drawing two diameters in the circle at right angles to each other. 
E-ch portion is called a right angle which is a quadrant of the 
circle. The unit of angular measurement is obtained by dividing 
a right angle into 90 equal parts. Each part is called a deg'ee. 
A degree is subdivided into 60 equal parts'halled minutes and 
a minute is r ubdividcd into 60 equal parts called a second. 

Instead of dividing a right angle into 90 equal parts which 
in cirqlps up to 4 inches raduis is almost impracticable on paper 
a degree can be obtained in the following way. 

’^Sljake a straight line AB say 4 inches iong. Draw a 
semicircle c * AB and let C be the centre of the circle." Draw 
CD perpendicular to AB. Trisect the angle l)CB by CE and 
CF. Then eacl>of the small angles is 30°. Trisect the angle 
ECB or 6o° by the method given below applicable to all acute 
angles. (Fig 102) 


D 



1 Trisecting an acute angle ECB Join EB the chord and 
draw EGB a semicircle on EB. Produce CF, theTisector pf 
the angle, to bisect the semicircle in G. Join EG, take FN m 
FC equal to EG. Trisect the semicircle EGP in H and K. Join 
NtJ and NK. jfttersecting the arc EB in L aqd M respectively. 
Join t CL and CM which trisect the angle ECli. Therefore 
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/BCM is 20° But ZBCF=30°. Therefore zBCM^ZBCF 
-»Z # BCM = 30 0 — 2o°= io°. I*f ZFCM ii bisected an an£l§; of 
5 0 will be obfjitied. An angle of 6° can bp obtained thus .* 
Divide fhe right angle ACD on the left into 5 equal parts tfy 
Prob. 19. Fig 45. * 

1 Then ea^h parties 1 8°. Divide the quadrant into 3 tqual 
parts then each part ip* 30 0 as ZACP. If this angje be sub- # 
tracted from the twice 18 0 divisions as Z*PCb the difference 
Zpcb is 36° — 30° = 6° * , • 

If half of the* 1 FCM be subtracted Horn Z pcb i° i§ 
obtained. Fig. 102. 

# The interior angles and sides of regftlar polygons : — The 
interior angle of ajregular polygon is found by dividing 360° by 
the number of sides of the polygon which $ives the angle at the 
centre subtended by a side of the polygon and subtracting this 
angle t at the cantre from 180 0 . • # 

When the interior angle of a regular polygon is gi\tn the 
number of sJdes of the polygon is found by dividing 3*60° by the^ 
difference of the interior angle flom 180 0 . This difference* 11 is 


the angle at the centre. 

' 

Narrfes of 

Angles subtended 

% Interior 

polygons 

at the centre. 

• angles. 

Triangle 

AJJ« = i2o° ; * 

i8o°-r 20 0 = 6o° 

Square 

*^> = 90°; 

t<V°- 9 o 0 = 90°* 

Pentagon 

- / 2 * 

i8o°-72°== to8° 

Hexagon 

6 0” .• 

180-60°= 120 0 

Heptagon 

• <* rt 0 - t 0 '* • • 

~%T~~ 5 1 T J 

180-51^ =» I2Sf 

Qftagon * . 

”-■* 45 °; 

. i«o°- 45 °=i 3 S 0 

Nonagon * 

. -V,°= 4 o' i ; 

t8o°-40°= 140 0 

♦ Decagon 

. j W‘ = 36 °; 

i8o°-36 0 — 144° 

Undecagon t 

W-itfri 

ts° = . 3 ° ; 

i 8 o°- 32 t " t -i 47 tt 

Duodecagon . 

i8o°-3o°= 150° 


• A protraejor is*an mstrjiment up|d for Pleasuring or setting 
off Sngles fc It i^ either circular, semicircular or more com- 
monly rectangular in shape. A # variety of scales are drawrf on 
bo^i sides of the rectangular protractor which are very convenient. 
Circular* pfotra^tors are usually made of £ard boards about 
i.fopt to%5 inches in diameter and the circumference is divided 
into degrees,* half N degrees* and quarter* degrees i. e.„ up to 15 
minutes. This "protractor II very convenient fot t plotting tjie 
• bearings of a Kirvef. 
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Serrrcircular protractors are usually made of b rass and the a'iC 
is divided into degrees ,pnly. It is^ found in cheap drawing bpxys 
and figure 103 is a sketch of it. Point C is the certre of the circle 
from which the radiating lines are drawn and AB is the diameter. 
Fig. 103. ' 

The most common protractor is of rec^fhgular form 6" long 
and i-J" wide and is shown in fig v 104, Thtj degrees are 
Numbered* in the primary divisions equal to io° each in the 
middle piace from left to right and n-.arked by lines drawn 
through the 3 spaces. Each of these " primary divisions 
fr^again subdivided into 10 secondary divisions of a degree each 
and marked on the outer space by radial lines. The primary 
division of 10 degrees are again written from right to left* on 
the 3rd space so that the protractor may be us ? ud from either end. 
The protract^ is useu' by placing the edge AB to coincide with 
the line on which the angle is to be drawn and the middle poim. 
C against the point in the line from which the angle is to otart. 
If the angle is less than 180 0 the protractor is placed either 
"hove oj on the right of the line as the line is situated with re- 
ference tojhe paper and the required angle marked , rnd if the 
angle is pver 180 0 it is placed below or on the left of the line 
and the difference of 180° from the angle is laid out: In mark- 
ing the divisions on the paper care should be taken to hold the 
pencil or needle point quite close to the edge of the protractor. 

Scale of chords : — 

The most convenient way to take off angles is by the pro- 
tractor but there is another way of measuring angles more ac- 
curately, known as the scale of chords (fig. 7-05). It is found on 
one or both faces v of rectangular protractors marked as CHO. 

Construction of scale of chords Drayra line AB and bisect 
it at C. Draw CD perpendicular to AB. With C as centre and 
any assumed radius as CB draw a semicircle ADB. . Divide the 
quadrant BCD into 9 equal parts ». e , each part is equal to io°=» 
a primary division on the protractor. Number these divisions 
from B to D as i, 2, 3, 4, 5* 6, 7 and 8. With B as centre and 
Bi, B2, B3, B4 B5 &c to Sb as radr describe arcs to inteuect 
AB in nine points. It will be seen that the arc with Bo as radius 
Will pass through C the centre Draw another line below AB 
and parallel to it and from the points of division oa >he lyse 
AB draw lines perpendicular to it and complete the scoie. The 
divisions are marked as m°, 20 0 , to 90® from B towards A. The 
spaces are all unequal an’d they gradually decrease in length 
from the first to the last. Divide each of these io° divisions, 
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into to equal parts for the approximatiin'of chords for inter- 
mediate angles. The radii used in dividing AB are the chords 
of tfce different arcs of" io°, 2 o° f &c. consequently the scale' th'iis 
obtained is called f the scale of chords. Fig. lcfy The scale of 
chords may similarly be constructed for laying out tingles ex- 
pressed in grades by dividing the right ancde or the quadrant 
into 10 equal paits instead of 9. * 

’ The use of scaje of chords in setting off angles in degrees : — 
Example : — To draw an angle of 37°and ft ' an angle of 125 0 . Fig. 
106. Draw a straight line as KF. With F as centre and the 
length from o to 6o° on the scale of chords as radius draw the 
arc FH. Then take the distance o° to 37 0 from the scale and 
set it off on the arc FH from F to H. join EH. Then Z.FEH 

n r». 

is 37°. 

The scale of chords show only chords up to 90 0 . To lay 
off 1 2 5 0 subtract it from 180? and the remainder -5 5 0 is f,o be 
set of'from the left in the same way as 37 0 is laid on the right. 
Then the suppliment FEL is 125 0 . 

there are two scale of chords on a 6" ' Dory or 
wooden rectangular protractor one of 3" radius is put below the 
protractor side; aqd the other of 2" radius is placed bn the right 
hand top of the scale side. 




CHASTER IX. 

• * 

CIRCLES AND CgRGLES TOUCHING RIGHT ^INE9> 

AND CIRCLES. , * 

• ' 

73. .Find'the centre of a given circle.* (Pig. 1Q7) 

Construction, (i) DAw a chord in the circle as AB. Bisect it 
•by a line CD drawn aWight angles to the chord and terminated 
by the circumference. 1 % is a diameter of *the circle^the pointy 
which bisects this line is the centre. « # 

(construction. (2) Dfaw any two chords t of t^he circle AB and 
EF. Bisect the chords and draw lines at right angles. The point 
where these lines intersect is the centre of the circle. (Fig. 10 f), 

74. To draw radial lines from poiots on a given arc, 
the Centre of the jircle being inaccessible. (Fig. 108) 

Let ABC be the three points on a gyen arc whose centre 
is not known. With centres A, B and C and with ?lny conveni- 
ent radius drajv arcs cutting the gi,ven arc cn each side of the 
given ‘points as g, h on two sides of A, k, 1 oh Jwo sides of £ etc. 
With g, h ajs centres and with any length as radius draw arcs „ 
intersecting at I). Join AD and* produce, it will pass througu 
the cenyt^of the given circle. Similarly with k and L . — - cant res 
draw arcs intersecting in E. Join BE which produccd*will cut 
the line AD’produced at the centre of the circle, * 

75. To inscribe a circle in a given triangle. (Pier. 109) 

Bisect any two angles of the triangle as % ABC and 

by BO and CO which meet at O. Then O is the centra of the 
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circle. From O draw OD perpendicular to BC. With 0 as 
centre and radius OD if a circle is drawn it will touch the 
three sides of the triangle. " k ‘ 

70. To draw an escribed circle tangential to one side 
of the triangle and *he other two sides produoed. (Fig. 

n°). 

Let ABC be the triangle. Produce <ne two sides AB and 
AC to D and E. Bisect the angles DFC and BCE by BO and 
CO meeting in O. (-Draw OF perpendicular to BC. With 0 as 
centre and OF a's radius draw a circle Which will touch BC, BD 
and CE. 

77. To describe a circle about a given triangle. (Fig 

in.) 

Let ABC be the triangle. Bisect any tvjo sides as AB and 
AC at D and E. Draw DO and EO perpendiculars to AB and 
AC meeting'at 0. Then 0 is the centre of the circle. Join OA, 
OB, and OC which are all equal and which are the radii Qf the 
circle^ With 0 a s centre and OA or OB or OC as radius draw 
a circle which will pass through the three corners of tie triangle. 

^ 78. To inscribe a circle in a give a quadrilateral which 

has'ita^iM^acent pairs of sides equal. (Fig. 1 12.) M 

LePABCD be the given quadrilateral with the adjacent pairs 
of sides equal. ' 

Draw one diagonal AC. Bisect one of the opposite angles 
as ABC by BIJ meeting AC in E. From E draw a perpendi- 
cular to any one of the sides as EF on AD. With E as centre 
and EF' as radius draw a circle which will touch the four sides of 
the quadrilateral. r 
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*79. To draw a taagent to a given circle, .(a) from a 
point* in the circumference* (b) fron^ a given external 
point. Fig. 11£. » 

(a) Let A?E be a circle and E a poioj in tlie circumference.* 
Mark C the centre of the circle. Joih CE, At E on CE erect 
a perpendicular as EG^ Then EG touches the circle at E. • 

(b) Let B*be a© external point. Join AC. On BC draw 

a semi-circle ^CAB cutting the circumference in A. Join AB. 
Then BA is a tangent to the circle. * 

80 To draw atangent to the arc of a circle at a givei^ , 
point in the circumference when the centre is inaccessi- 
ble. Fig. 114. 

Let ADB be an^rc of a circle. B a point in it. Draw BA 
any chord of the arc. Bisect it at right angles by CD meeting 
the arc in 1). Join BD. At B make the angle DUE equal to 
DfiC. Then BJE is a tangent to the .circle. 

81. To draw a tangent to an arc from, a given exter- 
nal point when the centre is inaccessible. Fig. 1*15. 

Let A be the given external point and BEC the arc. 'Draw 
any line ACB through A cutting the arc in C and B. 1 **T7h *AB 
draw a semi-cjrcle ADB and from C draw CD perpendicular to 
AB meeting the semi-circle in D. With A as centre and AD 
as radius draw an arc cutting the given arc BEC in E. Join AE. 
Then AE is a tangent to the given arc fro*m the given point A. , 
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82. To draw a common tangent to two unequal 
circles in the same direction, (or an external tangent). 
Pig. 116. 

Let A and B be f the centres of the two circfes. J/oin A and 
B. From A the centre of the greater circle and with a radius 
equal to the difference of the radii of the t*.o circles (AD = AC — 
DC but DC=BE) oraw a circle DPR. Bisect ^B in F and on 
AB drqw a semi-qrcle meeting DPR in D. Join AD and pro- 
duce it to mee. the outer circle in C Draw BE parallel to AC 
meeting the smaller circle in E. Join CE which will be a 
'tangent to the two unequal circles. 

83. To draw a common tangent to two unequal cir- 
cles in the opposite directions (or an interior tangent). 
Fig. 117. 

Let A' and B be the centres of the two unequal circfes. 
Join AB. From B the ceqtre of the larger circle measure BH 
equ, n l to the sum,ot the radii of the two circles. With B as centre 
and BH as radius draw a circle HC ; on AB describe a semi- 
circle cutting the circle HC in C Join BC cutting the circum- 
fertntux^ f the larger circle in I). Draw AE parallel to BC 
meeting the circumference in E. Join ED which is the 
interior tangent. J 

84. To draw a common tangent to two equal circles, 
ip the opposite directions. Fig. 118. 

Let A and JB be the centres of the two equal circles ; join AB 
and bisect it in C. On AC draw a semi-circle cutting the circle 
A in D. Join AD. Draw BE parallel to AD and in the oppo- 
site direction of AD. Join DE which will pass through the 
bisection point C ahd will be an interior tangent. * 

85. To describe a circle of a given radius to touch 
two converging straight lines Figs. 1 1,9. and 120. 

(а) Let AB, BC be the ‘.wo converging lines. If the two 
lines *meet„at B then bisect the angle ABC by BE ; draw FH 
parallel to AB and at a distance equal to tho given radius R, FH 
intersects BE in E which is the centre of the circle. F:orh E 
dfow EK. perpendicular to AB Whith E as ceiitre ' and EK as 
radius draw a circle which will touch AB and BC. Fig. 129^ '* 

( б ) If AB and bC do not meet, draw FH aiid $G parallel to 
AB and bC respectively at the same distance R. the given radius. 
The two lines intersect at E which is the centre of the circle. 
This consfuction is applicable to c&se (a) also.Tig 120. 
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g0. To describe a circle t6 tbuch two converging 
lines and passing' through a given point P withia the 
angle. Pig. 131. 

Let BAG be the given single and P a point within it. Bisect 
the jingle BAG by AE. Centres of aft circles within the angle 
and touching the t" 7 o lines lie on AE. T'ake a point D in AE 
and drav. DF perpendicular to CA. With 'D as centre and DF 
as radius draw a cncle which will touch AB and AC. Join AP cut- 
ting the arc of the circle centre D at G. Join DG. Draw PH parallel 
<o DG meeting AE in H. From H draw HB perpendicular to 
BA. Then H is the centre and HB is the radius of the circle 
which will touch thd two lines and pass through P. 

87. To describe a circle to touo> two converging 
lines and touching one in a given point P. Fig. 122. 

Let AB and CD be the two converging lines. Find EF the 
bisector of the angle made by AB and CD by fig. 41, ch. iv. 
Pisa point in DC. From P draw PF perpendicular to DC 
meeting the bisecting line EI<Mn F. Then F is the' centre of the 
circle and FT is the radius. 

'■« iTfrM '• l 

88 To draw a circle to pass through two given points 
P and Q and to touch a given straight line AP. Pigs. 123 
and 124. 

(a) Let P and Q be the two given points and AB a given 
line not parallel to the line PQ. Join PQ and produce it to 
meet AB produced in D. Bisect PQ in C. 

With C as centre and CD as radius draw an arc of a circle. 
From P draw PF perpendicular 'to PD to meet the arc 
in F. Take I)F = PF. From C and 'E draw perpendiculars to 
QP and AB to meet at O. Then with 0 as 'centre and OE as 
radius draw a circle QPE which will pass through the two points 
Q and P and touch AB in E. Fig. 123. * 

(d) If AB be parallel to - the line ?Q then join PQ and 
bisecfr it at J). From D draw DC perpendicular to QP meeting 
*AB in C. Join QC Bisgct QC at right angles by EO meeting 
DC in 0 . Then O is the dentre and OC or OQ is the radius of 1 
oi the circle. Fig. 124. 

89. To describe a circle of any given radius to touch 
a line and pass through a given point P . Vig; 125. * 

Let AB be„the given line. R the ^ivon raaius „and P 4 the 
given point. Draw CD parallel to AB'alj.a uistaoce R. With! P 
$s centre ^iA radius R draw an art cutting CD in 0 . Then O 
is (he'centre of the circle and R the radius. 
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* 90., To describe a succession of three circles touching 

two converging lines and each other. Pig. 120. ( r 

L Let BAC be two converging lineC. Bisect . the angle BAC 
ty AO. Take aby point E in AD and draw Et perpendicular 
to AC. With E as centre and EF ;a$ radius draw a circle cut- 
ting . bisecting line AD in G and H. through G and H 
draw lines perpendicular to AD meeting AB £nd AC in L N and 
' K M. Bisect the a angle AKL by KQ meeting AD in Q. From 
Q dra\* f QR perpendicular to AB, Then Q is the centre and 
QR is the radius of a circle which will tou~h the two lines and 
*he circle. Similarly bisect the angle NMC by MP and draw 
PS perpendicular to . AB. Then P is the centre and PS is the 
radius of the 3rd circle. 

2?id method . — 

r 

With L r as centre and LG as radius draw an arc cutting AB 
in R. From R draw RQ perpendicular to AB .meeting AD in 
Q. 0 Then Q is the 1 centre of one circle. 

Similarly with N as centre and NH as radius draw an arc 
" cutting' AB in S. From S draw SP perpendicular to AB. Then 
P is thc-r^d centre. 1 * 

91. ' To describe a circle of a given radius ,.to touch a 
given straight line and a given circle. Pig. 1 27. 

Let R be the given radius, AB the given straight line 
and FG the gie-en circle. This circle can not be at a distance 
of more than 2R from AB. 

Draw CD parallel to AB at distance R the given radius. 
Take O as the centre of c the given circle. .With O as centre and 
radius equal to t,he sum of the radii of the two circles {i. e. R 
and OF, the radius of ihe grvep circle) draw an arc intersecting 
CD in E. Then E is the centre and & the radius of the required 
circle. 

92. To describe ^ circle to touch a given line AB and 
a given circle centre 0 in a point P. Pig. 128. 

■' Join CP and producf it^ Thrpugh u P *draw ( a tangent to 
the circle meeting AB in D. Bisect the aqgle PIJ)A b/ DE 
meeting CP produced in E. T t hen E is the centre of the circle 
And EP is the radius of the circle to t*e describe^, w ^ 

93. To describe a oirole to touch a giveq circle 0 fchd 
a given line AB in a point P. Pig. 1*29*" / - 

Through C centre V circle C {fad P draw lines CD and 
PG perpendiculars to AB. Produce DC to the circunf 
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ference of the circle in E. Join PE. cutting the circle C i» F. 
Join CF and produce it to meet EG in G. Then G is the 
centre and GP is the radius of the circ’e required. 

* 94. To describe a circle of a given radius tangential 

to two given unequal circles (a) internally (b) externally 
Figs. 130 and 131. ^ 

(a) Let A avid B be two unequal circles whose centres 
are A af;d B. Let R be a given radius. Join AB cutting the 
circles' A and & in C and 13 respectively. Produce AB both 
ways and take CF and DE each equal to R on the outside of 
«C and D. With A as centre and AF as radius draw an arc and 
with B as centre and BE as radius draw another arc intersecting 
he first in O. Then O is the centre and R is the radius and 
a circle is drawn it will touch A an£i B and include them. 

Pig- 130* 

{&) Take CF and DE each equal to R on the inside of 
C ^nd D and follow the direction as given in [a). In this case 
the circle- drawn from O with radius R will tquch the two 
- given circles externally. Fig. 131 . 

1 96*,mJ]lO describe a circle tangential to and including 
two g ; ven unequal circles and touching one of them in a 
given poini/ C. Fig. 132. 

Let A and B be the given circles and C a point in B, the 
larger circle. Let A and B be the centres of the two circles. 
Join CB. Fr£m C measure CD in CB equal to the radius of the 
smaller circle. Join AD. At A in AD make the angle DAF 
equal to the angle ADB meeting CB produced in F. Then 
with F as centre and FC as radius dr^w a circle which will touch 
A and touch B in C and include them. 

96. To draw a circle tangential to two given unequal 
circles externally and touching one of them in a point C 
Fig. 133. 

Find A and B the centre's of the circles. Let C be a point 
in the* circumference of the larger circle. Jt)in CA. Cut off CD 
from CA equal to the , radius of the smaller cjrcle. Join DB. 
At B in BD make an angle DBO equal to BpC. Produce DC 
‘ to meet BO in O. With Q as centre and radius OC draw a 
"circle which will touch the other circles. 

97. To inscribe three equal circles in a givefi equila- 

teral triangle, each circle to touch the otbor two as well as 
two sidep of the given triangle. -Fig, 134. , 

Let ARC be the equilateral triangle. Bisect each of the 
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angles A B and C by AD, BH and CL respectively. Bisect 
the angle ADB by DE meeting BH in E Then E is the 
centre of one circle. Take CG and AF eacly equal to Bfc. 
Then G and F -are the remaining two centres. " From E draw 
EK perpendicular to BC. Then Ely is the radius of each 
circle. , 

98. To inscrib'd three equal circles in ah equilateral 

triangle, *' each touching one side and two circles. Pig. 
135. t 1 

Bisect the thre'e angles A, B and C of the triangle ABC by 
M), BE and CF meeting one another in 0. Bisect the angle 
OBC by the line BG meeting 01) in g. With g as centre and gD 
as radius draw a circle. With 0 as centre and Og as radius 
draw a circle intersecting OF and OE in k! and h respectively. 
Then h and h are centres of the other two circles. 

99. In a given circle to draw three or more equal 
circles touching each other. Pig. 130. 

Find the centre C of the circle. Divide the circumference 
Anto 3 equal parts or as many equal parts as the number of circles 
to imbibed. Draw the three radii CA, CD and Cl^ dividing 
the circle’ into 3 equal parts. Bisect the angle ACD by CE 
meeting the circle in E. Through E draw a tangent till it meets 
the line CA and CD produced in F and G. Bisect the angle 
CFE by FK. to meet GE in K. With C as centre and CK as 
radius draw a cYrcle cutting the bisectors of the angles ACB and 
BCD in L and M respectively. With K, L, and M as centres 
and radius equal to KE draw three circles which will touch each 
other and the outer circlb. 
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• 100. To inscribe within any regular polygon mafiy 
semicircles as the flfgure has sides, each touching one 
sideband having their fliamtfters adjacent. Fig. 137. * 

Let f ABODE be the given regular pentagon. Bisect t|je m 
angles A, B, C, D, E by £F, BG, GH, DK and EL* cutting one 
another at O. BisoQt the angle AFI) by Fi meeting 01 } in i. 
This point i gives us a point of the inner pentagon on which the 
semicircles are to be descilbed. From point i draw 12 •parallel to* 
DE, meeting* OE in 2. tComplete the pentajfor\ 12345 ^describe 
semi-circles on 12.* 2r 34, 45 and 51. They will touch the 
sides I)E, EA, AB, BC and CD. t 

101. To inscribe within any regular polygon as many 
semicircles as the figure has sides, each touching two 
sides and having«^heir diameters adjacent. Fig. 138 

Let ABODE be a regular polygon (in^his case* a pentagon.) 
Bisect each of the angles A, B, C, D, E of the polygon by lines 
AF, BG, CH,*DK and EL intersecting one* another in 0 , the 
centre of the pentagon and meeting the oppbsite sidles in® K, G, 

H, K and* L Join FG, GH, HK, KL, and LF. Op one cC"* 
these Jjnes say KH draw a semi-circle KMH. Let N tye the 
middle point of KH the base of the semi-circle. Frdjp N draw 
NM perpendicular to AE meeting the semi-circle m M. Join MO 
cutting the side AE in R. From R drawJRP parallel to 
MN meeting AO in P. Through 1, draw a straight line iP2 

• • 




60 


GEOMETRICAL DRAWING. 


parallel to KH meeting OK and Oh in i and 2. similarly from' 
2 &raw '23 parallel to HG, from 3 draw 34 parallel to GF &c. 
On i ?, 23, 34 &c. drfcw semi-circles which will touch the -two 
sides of the polygon and have adjacent diameters. 

The inscribed figure is a ^foiled figure required in tracery 
works. These foiled figures have adjacep*- diameters. There 
are foiled figures with tangential arcs, a case of which is shown 
*n the nexLproblem. 

1021 To construct a foiled figure about any regular 
polygon, having tangential arcs say a square, Fig. 139 

< Let A BCD be a square. Bisect one side AB in E. With 
A, B, C, and D as centres and radius AE draw the 4 arcs up to 
the sides of the square. 

It will be seen thfit a side of the polygon' is equal to double 
the radius of one foil. 

103. To draw a Gothic trefoil of radius. Fig. 14o 

Diawan equilateral triangle ABC of side 1" Draw the tre- 
r r ^ils with A, B and C as centre^ and 4 the sides as ladii. The 
outer^circles are drawn from the centre of the triangle ABC. 




• CHAPTER X. * 
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104. Tq draw' a square equal in area to a ‘rect- 
angle. Pig. 141. • # t # 

Let ABCD be a rectangle. Produce A.B to F making BF 
equal to BC. On the whole line AF draw a ’semi-circle AEF. 
Produce BC to I? meeting the semi-circle * in E. Then tjie 
square on BE is equal in area to the rectangle ABCI). 

• 105. To draw a square equal in' area to a triangle. 
Fig. 142 i* 

Let ABC be a triangle. From one Vertex A f draw a per- 
pendicular Al) to the opposite side BC. Bisect AD in E. Com- 
plete* the rectangle BF on BC with the height DE. Then the 
rectangle BF is equal in area to the triangle ABC. Then fthd the 
side of the'square equal in area # to this rectangle by problem io*~ 
The square will be equal in area to the triangle. 

106. To draw a rectangle on a given straight line 
equal in drea to fl) a given rectangle (2) a given square. 
Figs. 143 and 144. J 

(i) Let EF be the given straight line and ABCD be the 
given rectangle. \ • 

Find the fourth proportional to EF, BC and AB. Produce 
EF to G making FG=*BC. Take a line EK at any angle 
with EF and mak£ EK equal to AB. Join FK. Produce 
EK *and fron* G* draw GL parallel /to FK meeting EK 
produced in L. Theh HL is tht? fourth proportional i.e. EF :FG 
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:: EK:KL*or EF:BCf:AB:KL Draw EP' perpendicular to EF 
and equal to KL. Complete the redtangle PF which is equal 
to the rectangle ABCD. Fig. 143. 

, (2) Let ABCD be the given square and EF the given 

straight line. 1 

Find the third propotional to EF and AB which will be 
EK the other side o' the rectangle on EF. Tate EG at any 
4 &ngle witlPEF and piake it equal to AB. Take EM in EF equal 
to AB. Join FG. * From M draw MH parallel to FG. Then EH 
is the 3rd proportional />., EF:EG::EM:EH and as EG and 
EM are both equal to AB EF:AB: :AB:EH. 

Draw EK perpendicular to EF equal to EH and com- 
plete the rectangle KF. Fig 144. 

107. To draw f square equal to the difference of the 
squares on Two lines. Fig. 146. 

Let D and E be the two given lines. Draw a bne AB °qual 
to D zood on AB describe a semi-circle. With B as centre and 
tjie line E as radius intersect the semi-circle in C. Join AC and 
BC. Then the square on AC = AB 2 — BC* ie., D 2 — E*. 

108, *“10 construct a square equal in area to the 
sum of tnree given squares. Fig. 147. 

Let AB, BC and CD each be one side of the there given 
squares. Place AB and BC at right angles at B and join AC. 
Dra 7 CD perpendicular to AC and join AD. Then the square 
on AD is equal to AB 2 -pBC* + CD*. 
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• 109. To draw a polygon or a circle double ot % giv$n 
sjmilar ploygon or a given circle. Pig. 147. * 

Let AB one side of a given polygon or a radius 'of a 
given circle. Draw AC at right angles to AB 'and equal. to it. 
Join BC. Then a pohigon described oA BC and similar to the 
polygon on AB will h*,ve its area double of the polygon on.AB; 
or a circle witfl radius BC will be double of the circle with radius 
AB • 

i | 

110. To construct an equilateral triangle equal in 
area to a square or another triangle. Pig.. 148. 

Let ABCD he the given square or let FAB be the givAi 
triangle, Convert the square to a triangle of the same area 
retafning for it the hjp.se AB by producing AD to E making DE 
equal to AD and joining BE. % 

On AB one side of the original triangle FAB* or the equi- 
valent triangle* EAB draw an equilateral triangle AGB. Produce 
GB one side of the equilateral triangle till it, meets a parallel 
through Kbr F the vertex opposite to the base AB at H. Draw 
a semi-circle on the line GH. From B draw BL at right* angles 
to Gif to meet the semi-circie in L. On BL construc.t BKL an 
equilateral triangle whose area is equal to the square A*BCD or 
the triangle FAB. » 
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111. Or a given base to drav* a triangle equal in area 
to another given triangle. Figs. 14y and 150. 

ist method. Fig. 149. Let EF be the given qase and ACB 
be the given triangle. Draw CD the altitude of the given triangle 
ACB. Find the fourth proportional to the lines EF, AB and CD. 
EG i5 drawn equal to AB at any angle to EF. In EF measure 
EH = CD Join FG and from H dr-w HK, parallel to FG. 
Then F.K. is the fourth proportional. From L any point in EF 
draw LM perpendicular to EF and equa'i to EIC. Join ME and 
MF. Then EMF is the required triangle. 

2nd method. Fig. 150. Let ABC be the given triangle 
and D the given base?. On BC set off BE equal to D. Toin 
AE. From C draw CG parallel to AE tc meet BA produced 
in G. Join EG. Then the triangle BEG is equal in area 
to the triangle ABC and is on the line BE equal to D. 

112. To construct a rectangle of a given perimeter 
and aqual in area to a given square. Fig. 151. 

'f Let A be one side of the square and BC b£ half of the 
given perimeter. On BC draw a semi-circle. At B draw BE 
at right^angles to BC and equal to A. Through E draw ED 
parallel to BO meeting the semi- circle in D. From D draw DF 
perpendicular ta BC. In FD make FH -FB and complete the 
rectangle FHGC. The rectangle FG is equal to the square on 
FD=BE=A and its perimeter is double of BC. 
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• 113. To construct a trapezium similar to a* given 
trapezium but having half its area. Fig. 152* # ^ 

Let ABCL^ be the* given trapezium. Bisect DC one side 
of the trapezium at P and draw PE perpendicufar to it. »Mak£ 
PE -PC or PD. Join CE* With C'as centre and CE as radius 
draw an arc EK meeting CD in F. Join AC a diagonal of the 
trapezium FroTn F (Jraw FG parallel to AD Ineeting AC in G. 
P'roni G draw GII parallel to AD meeting BC in H. Then 
FCHG is a tYapezium similar to DCBA and is ht>lf its arek. 

114. To construct a triangle equal iA area to any 
irregular polygon. Fig. 153. * 

Rule : — Take one side of the polygon as a base or starting 
line *and pioduce it both ways. Number the corners of the poly- 
gon as i, 2, 3, 4 &cTrom one of the corners f on this line. Join 
i with 3 and draw a line parallel to 13 through 2 to nfbet the base 
in a. Join 3 wijh a; the polygon is npw reduced by one side or 
angle ‘keeping the same area, Join a with* ^orner 4 and ilraw 
a line parallel to <74 through 3 cutting the base produced in b. 
Join 1) with 4. The polygon is now reduced by 2 sides. * Simi- 
larly re<iu«*e the corners of the polygon from the other of *the 
basee till a triangle is obtained. * 

For instance take a 7 sided figure as 1,2, 3,45, 6,7. Produce 
17 both ways. Join 13 and draw aline parallel to it through 2 
meeting 17 in a, join <24 and draw a line ’parallel tp it through 3 
meeting 17 produced in b. Join t>4. Commegde on the other 
side. Join 57 and draw a line parallel to it through 6 cutting 17 
in c. 'lake the corners C54. *Join C4 and ^raw a line prallelel to it 
thiough 5 cutting 17 produced in d. Join d4. Then by the 4 

, L# *— ! r 

• I I • 
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operations 4 sides are reduced of a 7 sided figure and a triaiigle 
4fyd*is obtained equal in area to. the polygon 1234567. , . 

115. To construct a triangle equal' in area to any 
‘-regular polygon. Fig. 154- 

Let ABCDEF be a regular polygon for instance a hexagon. 
Produce one side AB of the polygon" both ways. Find () 
the centre of the polygon and join OA and OB. Make 
the lpie obtained after producing AB both ways equal to 
6 times AB and" mark the six divisions! Join the points with (). 
In this case 2'5 is equal to 6 times AB dud the triangle O25 is 
* equal in area to the hexagon. 

110. To construct a triangle equal in area to a circle. 
Fig. 155. 

Let ABD be a circle. Draw AD a diameter of the circle Let 
B be the middle point of the semi-circle ABD. Join B with the 
centre C of the cirple and complete the square BGD 1 .. With B as 
centre and BC ac radius draw an arc cutting the quadrant BD 
in E, Join BE and produce it to meet DE in F. Draw AH at 
right angles to AD and equal to it. Join FH. Then Fjd is equal 
touche ate of the semi-circle ABD. On FH take any point K and 
draw KG perpendicular to FH and equal to AD the diameter. Join 
FG. GH. Then the triangle FGH has area equal to the area of 
the circle ABD. 
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* 117. To construct a* square having half the area of 
a^iven square. Pig. \l50. • • • • 

Let ABCD*be a given square. Bisect AB in E. On Alj 
draw a semicircle. From E draw pF perpendicular to *AB to 
meet the circumference in V. Take AG in AB equal to AF. Draw 
the digonal of the square. From G d raw GH parallel to 
BC meeting the digonal# AC in II. From H draw parallel 
to CD meeting AD in K. Then AGHKAis a squaie=J of 
A BCD. * . / 

113. To construct a rectangle ird the area of » 
similar rectangle. Pig. 157. 

pet ABML be a given rectangle. Divitie AB one side of 
the rectangle into ^ equal parts in C and D. Produce AB to E 
making BE equal to BD or one-third of AB. On # AE draw a 
semi-circle AFE. Produce BM to meet the semi-circle in F. 
Make.BG equal to BF and from.G draw GH parallel to AL 
meeting the diagonal BL in H. From H draw HK parallel 
to LM meeting BM in K. Then BKHG is the required rect- 
angle. # , 

llfj To draw a circle "ths the area of a given 
circle. Fig. f 158. * * 

Let A be the centre of the given circle a£d ABa radius ; 
divide AB into 5 equal parts. Produce BA to 3 making A3 
equal to ?ths of AB. On B3 draw a semi-circle BD3. From 
A draw AD perpendicular to B3 meeting the semi-circle in D. 
With centre A and radius equal to AD draw a circle whose area 
is | ths the area of th^given circle. 9 
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2 nd Method. Draw a semi-circle’on as AEB. From F the 
thii'd ‘ 4 point from A towards AB dravy FE perpendicular to AB 
meeting the semi-circle xAE Bin E. Join AE ; then AE is the radius 
of thd circle which will be } tbs in area of the given cirde. 

120. To construct a triangle qf a given altitude 
equal in area to another given triangle. Fig.r 159. 

Let ‘ABC be t|}e given triangle and j_) the given altitude. From 
C dra vJ CE perpendicular to AB the base. Make KF equal to D 
the given altitude.' Join FA and draw CQ. parallel to FA meet- 
ing BA produced in G. Join FB and draw CH parallel to FB 
meeting AB pioduqed in H. Join FG and FI I, then FOB is 
the required triangle. 

121. To divide a triangle into any number of equal 
parts by lines parallel to one of its sides. Fig. 160. 

Let ABC be a triangle which is to be divided into 3 equal 
Parts, 

Trisect one side AB of the triangle in I) and £ and draw a 
sei^i-circle on AB. f rom i) and E draw perpendiculars I)F and 
EG to A^ to meet the semi-circle in F and G Join BP and BG 
which are the. mean proportionals to BA and BD, an<J BA and BE 
respectively. Mljke BH and BK equal to BF and BG respectively. 
From H and K draw HE and KM parallel to AC one side 
ofvthe triangle ABC which will be trisected by Mix and KM. 

122. To bisect a triangle by a line perpendicular to 
one side. Fig. 161. 

Let ABC be a triangle. Draw ,AD* perpendicular to BC, 
Bisect BC in L « Produce BC to F making CF equa\ to CE. 
Find the mean proportoinal 'between, CD the greater segment of 
BC and CF half the line. Draw a semi-, circle on I)F and from 
C draw CK perpendicular to CF to. meet the semi circle in K. 
Then CK is the mean p’-oportion'al. Make Cb equal to CK. From 
G drawGH perpendicular to BC. GH bisects the triangle ABC. 

123. To bisect a triangle «by a line drawn trpm a 

pqint in one of its sides. Fig. 162. . , , , 

, Let ABC be a triangle tend D a point in AB. Bisect AB, 
(the side in which the point is takeii^) in E. Jo'n 'fiiC and from 
E draw EG paiallel to DC meeting AfC in G.^ r Join, ’DO, then 
DG bisects the (riangle ,ABC. c t * ^ 1 ‘ 

9 124. Ttf trisect a triangle Coy lines drawn from p 
point ,in orte of the sides. Fig. 103. c r 
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9 , Let ABC be a triangle and D a point in # AB. Trisect Ab in 
E and F. Join CD. Ftom*E and F draw EG and.FH •paraltel 
to CD meeting the sides\of the ’triangle in G and H respectively. 
Join DC and L\ft which will trisect the traingle.ABC. 
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125. To bisect a parallelogram by a line drawn fronli 
a>givei* poipt in one of its sides. - Fjg. 164. 

v Let ABCD be & parallelogram an/i E a point in AB. Dralw 
AC and BD the diagonals of the parallelogram intersecting in 0. 
Join EO and produce F to meet CD in H. Then EH vHlblisect 
the parallelogram. 

1‘26. To bisect a quadrilateral figure byM line drawn 
, from on^ of its angles. Fig. 165. <> 

Let* ABCI), Be a trapezium ; it is to be bisected by a line 
drawn from the corner D. Join the diagonal AC subtended by 
tj^e corner D. Bisect AC in E. Join ED and EB. The two 
lines DE, EB bisect the trapezium and if the figure ADEB be 
reduced to a traingie by a line from D the problem is solved. 
Join DB the first and the third point of DE, l EB and from E the 
2 nd point draw a line parallel to DB meeting AB in F. Join 
DF which bisects the quadrilateral. 

127. To divide a triAngle into any number of gqual 
partb by lines drawn from a point within the triangle. 
^Fig. 166. 

v Let ABC be a triangle and D a point in it. The. triangle 
is to be Trisected by lines from D. Trisect AC in E and E. 
Join DE' and DF. Draw BG and BH parallel to EE and DF 
respectively meetfng AC in G and H. Join DG, DH and DB. 
Then these lines trisect the triangle. 

u 128. To divide a circle into any number of equal 
parts by concentric circles. Say three parts. Fig 167. 

Let AFG be a circle of centre Q. Draw QA a radius. 
Trisect the radius QA iiY B and C. Or Q'A draw a semicircle, 
from the points B and. C draw BD and CE perpendiculars to 
QA meeting the semicircle in° D and' E*. Join QD and QE. 
With Q as centre and radii equal to QD^and QE draw circles 
which will trisect AGF. •* “ 

i 

1 29. To divide a circle into any .number of parts 
equal in area and perimeter. Say three parts. Fig. lfJ8. 

Let ABE be a circle, o Eraw AB t a diameter* of the circle 
ABE. Trisect AB in C and D. On AC dratf a. semicircle and 
o.n CB draw a semicircle on the 1 opposite side. On AD draw a 
semicircle on the same side as the senftcircle on /lCJmd r on 
draw a semicircle on the opposite side ofit r IJotv thp -circle is 
trisected by the Curves AfCGB and AflDKB and it is clear that 
the perimeters of the three portions are equal in length. 
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130. To divide a parallelogram inbo any number. of 

equal parts by lines drawn from f point in one of the 
sidos j . Fig. 169. » ^ f - 

Let ABCD be a parallelogram and E a pok-it in AB. Let 
Vhe parallelogram be divided into 4 equal parts. Divide AB 
in which the point is taken into 4 equal parts in F, 0 , and H. 
Through F and Cljdraw FM and ON parallel to AD, by each of 
which a, quarter of the parallelogram is obtained. Bisect FM 
in K and ON in C Join EK and Ely and produce them to () 
and P. EO and *EP divide the parallelogram each into a 
jpurth part. It is now required to divide fne trapezium EPCB 
into 2 eqnal parts by a line from E. Join PB and bisect it at S. 
Join EC. Through • S draw SR parallel to EC meeting £B in 
R. Join ER. Then EO, EP and ER arc*, the three required 
lines. e 

131. 'i’o divide a triangle into two parte, having a 
given ratio to each other, by a straight line $rawn 
thrqugh a giveq jpoint in one of its sides. Fig. 170.' 

Let ABC be a traingle and D a point in AC. 1 Divide the 
line AC in which D is taken in the ratio of 2 : 3 in tl]e point F. 
Join BDr From F draw FE parallel to BD. Join 1)E ihen DE 
divides ihe triangle in the ratio 2:3. 


132. To divide a parallelogram into 2 parts having a 
given ratio to each otjier, by a straight line drawn from 
a given point* jn one of its sides. Fig. 171. 
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• Let the ratio of the parts he as i : 2. 

• *Let ABCD he a Vparallelogram and E a poiftt in I)C one 

side. Divide D(i into 3 equal parts (1+ 2 ) at F and G. Tfirdugh 
F draw parallel to AD. Then FH divides«the parallelograiji 
in the ratio 1 : 2. Bisect FH in K, and join EK. Produce EK 
to meet AB in L. Then EL divides the parallelogram in 
the ratio 1 : £ • 

133. To divide a # trapezium into 2 equal •parts by 

lines drawn from a given point inside* t*he trapezium. 
Fig. 172. , • , 

Let ABCD he a trapezium, G a point in it. Join G€. 
Through the point C draw CF to bisect the field ABCD. 
fprdb. 126 fig. i6m. Join OF. Through C draw CH parallel 
to GF cutting AB m H. Join GH. Then GC and GH bisect 
the trapezium. Because CF bisects the* trapez'pm and the 
triangle GCH is equal to the triangle FCH. Take away the 
cotnihon tiiangle KCH. Then GCK is equ^l to FKH. 

134. {To construct a square 3aqr. inches in, area. 

Draw a rectangle of 3 squarc'inches in area. Find the mean 

propoiYional between the two adjacent sides of the rectangle 
which will l^e a side of the square required (problem io4»Fig. 141) 

135 To construct any regular polygon, say a pen- 
tagon, equal in area to a given triangle. T’ig. 173. 

Let C AB be the given triangle. Divide AB into 5 equal jjarts 
i. e. the same number of parts as the regular polygon »will have 
sides. Draw AD at an angle of 72 0 with AB i. e. at A make 
an angle equal to thg an^le at the centra of the required polygon, 
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in this case a regular pentagon. From C draw CD parallel to 
A H meeting A'D in D. Find the meart proportional AE between 
AD Snd A i. With A As centre and AF/is radiu^ draw a circle 
f cutting AD in E . and AB in G. Join EG which is a side of 
the regiilar pentagon to be inscribed in the circle. 

139. To draw a rectangle inside another rectangle of 
half the area of therouter rectangle and leaving spaces of 
,the same, width all round. Fig. 174 175. L 

1st 'Method., Fig. 174. Let ABCD he a rectangle. Pro- 
duce AB to E making BE = BC. Find P the, middle point of the 
wj^ole line AE. Find the mean propotional BF between the 
two adjacent sides of the rectangle AB and BC. The square on 
BF is equal to the rectangle ABCD. On BF draw a semicircle 
BGF. Bisect the arc BGF in G. Join EG. ‘' Take BH in BF 
equal to BG. f Then the square on BH is half the square on BF. 
With P as centre and PII as radius draw a semicircle meeting 
AE in K and L. Then the- rectangle contained* by BK*and 
BL is *?qual to the square on BH therefore equal to half the 
rectangle BA\ BE. ' 

Bisect AK in M and set off AN, DR and CQ eath„equal 
to AM. (1 Through M,N,R and Q draw lines parallel to the 
4 sides of the rectangle, then the rectangle SI UV obtained inside 
the rectangle ABCD is the required figure. 





AREAS And division of areas. 


75 • 

1 2nd Method. Fig.* 175. I!et ABCD be the given itctangle. 
oin BI). Produce DG a»d take DF equal to J3B i»nd CE 
qtfal >0 CB. Divide Fl^into 4 equal parts. Then each* j^irt 
s equal to the witith to be left round inside the square. 

Take'BG, CH, DK and AL each equal to Fi or a fourth* 
)f FE and through G, K and I. draw lines parallel to the 
I- sides of the g^ven rectangle. * 

Proof Let D(! = rz, €B=b 
DE = a + b. DF==I)B = 

Let the width of the path=# 

Then (a- 2x) {b-2x) — a t 

• 2 

ab— 2bx— 2rt.T-p42 a = 

2 

4 X* — 2 x(a + b)+ab=^ 

I 

,4 a. -2 - 2x (a + b) + — o 

* 2 


* (a + b)±y/4(a + by~- l Sl ab 


= 2 {a + b)± V^'tr + 2ab + b*) — Sab 

7 8 


2(rt + £):£ v^4** a + 4 b* 



_ 2(a+b)^t V 7 ( rt * + ^ 2 ) 2{a+b)±2 Va* + 6 % 

8 • ^ “ 8 

= 0 (a+J- V , (rt a -f^ 2 )| a f ?>- Va 2 + b 2 

/. e. F€>==4.K , ^=rt + b - V a 3 + ^ 2 =DE - DB 1. e. DF. 
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< EXERCISES. 

CHAPTER TV-/; 

M l. Draw a lire 3^ long. From a poiriT below £he line draw a per- 
pendicular. Trisect the right angle thus formed. * 

2/ Divide a line 5* lmg into six equal parts. Draw parallel lines 
half an inch apart, through these divisions/ 

3. Set off an angle of 22*$ and 7o° without using prgtractor. 

4 D^aw tW3 parallel lines A and B / ]" apart. Take a point P V 
above A. Through,^* draw a tine cutting the given lines in such a way 
that the^ortion irtercepted between the lines will be 1;'. 

5. Bisect a given lino by the use of two set squares with angles of 
^5° and 60°. 

6. Draw lines of the following lengths 2'*, 1“25 # , 3*5", l’ # , 3*. 

7. Draw two parallel lines 2/ long and 1'* apart. u 

8. Find a point C in a line AB (2.$ inches lobg) produced, so that 
AC : AB as 5 : 4. 

9. Draw two lines meeting at an angle of 67$° and between them 
place a line 2$ inches long making 60° with one of them., 

l<t Find a linq whioh shall have the same ratio to a line 2-1/ long 
that 5 has t< 3. 

11. From the left exteremity of a given line obtain ] and l T th 

of K . * a. 

12. Divide a line 3 75' long into 3 parts A, B and 0 so that B if 
double of A and C lj times B. 

EXERCISES. 


CHAPTER V. 


1. Draw a right angled triangle with one angle 30° and hypoten- 
use 2$'. 

2. On a base l£' long, construct an isosceles .triangle with a vertical 
angle 30°. 

3. On a base l 2\' long draw a segment of a circle' containing Ln angle 
of 120°. 

4. Make a triangle sides 2*5', 1 ’25' and l‘7j> ff long. 

5. Draw a triangle vertical angle 30° base r7* rnd sides as 4 : 5. 

6. Construct a rhombus with sides 1£' long -and one of its angles 60°. 

7. Make a square to contain 5‘36 sqr. inches. 

8. Describe the figure ABCD when AD = J', aC = H", angle DAC= 

•eo 0 , BC~$AO, AB=»*BC. , , 

9. Construct a rhomboid, adjacent sides 3' and 2” and diagonal 4 . 

' 10. Draw a triangle, having given (1) two sides a’n l an ubgle opposite 
to one, (2) two angles and the intermediate side, (3) two angles and a side 
opposite to one of them. <i a , t u 

11. Construct a triangle having the base altitude «!' and oeri 


meter 3J'* ~ 

12. The threie mediars of ^trianglf are 


l£ ff and 14 *, draw th< 


triangle. 
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1 13, Construct a triangle having its base = 2", altitude=>2]', .*nd rat4o 
ot'#id<|s 4:7. V , # 

14. Draw a right angleVid trisect it : on the same figure construct 
the following angles viz., 70, 15°, 22°]., *30°, 37°j, 45°, 00°, 67A°, 75°. 

15 Construct an isosceles triangle, altitude All- 2]* m/iking Angles* 
of 25° with the equal sides of %he triangle. 

16. Construct a rhombus one side is equal to 1 ) inches and the 

diagonal equal tlf 2 inches. * 

1 7. Construct an equila J Jeral triangle 2 inches high. 4 

18. Construct a right angled triangle having angles in the proportion 

of 3 : 4 : 6 • 

19. Take three points A,11,C in a straight linej A 45 = 1A inches BC= 

2[ in. B between A and C. Draw a rectangle, the sides of which are i* 
the ratio 2 : 3 vertex at B, the two sides passing respectively through 
A and C Hint : -Bisect AI5 and BC and through trtie points oi bisection 
draw*lines at right angles to AB and BC and equal to halves of the line 
respectively Join the? ends of these perpendiculars with 15 which will 
term the sides oi the rectangle required. • 

20. The diagonals of a rhomboid 2 3' and 3’2* long contain an angle 

of 60°. t Construct the rhomboid. , 

21. Construct a square 3* sides, bisect the* sides, and join the 
adjacent points oi bisection, thus obtaining a second ’square ; bisect the 
sides of this square and obtain a thiyd square. Continue the process 
until 4 sqiuyes have been drawn. Measure the diagonal of the smallest 
square. * 

, EXERCISES. § • 

CHAPTER VI. ; 

1. In a circle 1^* radius inscribe a regular heptagon. Find the 
longth of one side and the value of one interior angle of #ho polygon. « 

2. How many degrees are there m each of the angle's at the centre 
of a nonagon. 

3. Construct a regular polygon with one side equal to 1" in length 

and one angle equal to 140°. * * 

4. ^Construct p* regular polygon on the chord pf ai arc of 72°. 

5. Construct a regular pentagon, fliagonul .V. 

6. Construct a regular polygon one side 1 A" and an angle 120°. 

7. Construct an irAsgular pentagon ABODE from the following 

data : sides A jS = 2]', = 00=2* DE=1+' diagonal A 1) = 3" angles 

ABC = 120°, ODE = 112 5®. 1 . 

8 The sides of o quadrilateral ABCD arc as follows AB = 1", 
BCvl". CD®!}', A I\= Vf* diagonal* CDs 1A' construct^ and draw # a 
similar figure of^erimeter 4". * • # 

9. 0 i& a points within a Quadrilateral figure ABCD. Construct the 

figure from tntf following dimensions : — * 

Angles : A0B = 115°, B()C®55°, AOD®85° . 

! Lenffhsl 0A-1V Ab = 1T, BC®!,*', BI)®3". 

*10. \>raw ^ miadrilatVal figure ABCD with the following dimen- 
sions’: — * * * * • 

AB»2’, BC=sl£', ADo!|'. Tbe diagonal* 30=2", tjie diagonal 
AC®2£". * * 

* Sec Definition 12 Chap. III. 
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EXERCISES. 

CHAPTER Vli. 

1. Within a given, regular polygon to inscribe another similai 
figure, having its sides parallel to and equidistant from those of the given 
figure, the length of one side being given. 

2. About a given regular polygon to describe another similar- 
figure having its Rid?* parallel to and equidistant from those of the given 
figure, tne length tof one side being given. 

3. In a square 2" sides inscribe another havirlg a side of 1. 75'. 

4. Construct a square of 2.\" sides and in it inscribe an isosceles 
triangle with l.j' base ; inscribe within the triangle a rectangle, one 
side of which is 1\“. 

5. Construct a quadrilateral base 3", base angles 90° and 75°, sidos 
2* and 2*. Within it inscribe a parallelogram having a side of 2'. 

6. Within a square of 3' sides inscribe the largest possible equila- 
teral triangle. 

7. Within a square of 2 V side inscribe an octagon, so that the 
alternate sides of tho octagon shall coincide with the sides of the square. 

8. In a triangle ABC inscribe an equilateral triangle v. ith one 
vertex birecting AB. 

9. Construct within a given triangle and equidistant from tho sides 
of it, a similar triangle, the base of which is equal to a given line. 

10. The same but the triangle is to be drawn outside the given 
triangle. 


EXERCISES. 

-CHAPTER VIII. ' 

1. Plot without the aid of protractor the following angles, 15* 
and 75*. 

2. Plot the following angles by protraotor * and verifv them by a 
scale qf chords of 3' radius. 27° ; 49° ; 82°, 123° ’63* and '295°. 

3. Construct a scale oi chords on a radius 3*75' to read 5°. By 

means of this scale plot an angle of 65°. t 

4. By means of a scale of fhords 0 f 3'' radius const; uot a triqngle 
base 4 # angles at the base 80° and 20*. Mefisure the ,2^ sides,, correct to 
two' places of decimals. 

'' 5. Without the aid of a protractor construct an isosceles triarjgle 
on a line 3& inches long with angle at base =75° and construct p square 
equal to it in.area. ' , * , 1 

6. Three posts B, C,<*D are, in a straight line a£ intervals of 
100 yards. An observer at A finds that the angle B AC ip 20* and CAD 
*30°. Obtaindhe position of A. One inch represents 20^ feet. 
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EXERCISES. 


CHAPTER IX. 


]. l5ra\v a tangent to a point in the arc of a givon eircle without 
taking help of the centre. # 


2 Mark tfcree points not in a straight line. Find a point equidis- 
tant from them. 1 . 

* * 

3. Two .circles radii 1\" and 1" have their cJhtres 2 # apa»t. Draw 
the common exterior and interior tangents. * 


4. Draw two circles of 1' and \ a radius witA their centres 2V # 

apart ; draw another circle tangential to both externally. • 

5. Draw two linos at an angle of 30° and a» third lino outting them 

both* at any convenient angle; draw two circles tangential to all the 
three lines. • * 


(i. In a circle ot 1' diameter, inscribe a qmulrifoil having tangential 

arcs. 

7. » Construct a pentagon of ]" sides 'and about it describe a cinque- 
foil having adjacent diameters (cinquefoil is of 5 semicircles). * 

8. Construct a square with si<Jes of 2 3 # , and inscribe four equal 

circles within it ; each circle to touch two others as well as one* side of 
the squiJre. r 

9. Within a triangle of 2‘3* sides, inscribe six equal circles*. 

10. Within a circle ot l\ r ) # radius inscribe 5 equai*circles. • 

11. To inscribe a circle which shall ha»ve its centro on a given line 

CD, and shall touch a given lino AB and a given circle.* • 

Hint Draw any line EF at right angles to AB and any line through 
the centre 0 of the given cirqje as OG towards EF cutting the circum- 
ference in H. Along KF set off any lengthf El, E2, E 3&c. and along 
HG set off HI, H2 and H3 &c respectively equal to these. With 0 as 
centre^escribe arch through the points 1, 2, 3,<5fc. on HG to meet lines 
drawn parallel to AR through the Corresponding points 1, 2, 3 &c. on 
EF. These arcs and corresponding lines intersect at points a, b, c &c. 
through whiqfc draw a ourve. This curve is the loous of the centre of a 
circle whioh moves so Galways to tyuch the given line and circle and the 
point in which the curve intersects the liite CD is the centre of the 
required circle whose radius is equal to the perpendicular* from the point 
to the line AR. , 1 * 4 • 

12. Anoint t R is 2.75 inches from the centre of a cirole of 1 inch 

radius. From* P draw a line to cut the oircumferenoe of the cirole in 
two. points A and B so that PA : AB*: : 2 : 3. • 

* ,»• ij > 

fl3. #Find a third poipt C on the circumference of a oirole such that 
C,A :,CB :* *5 : S.% A aud are two other point^on the oiroftmference. 

14. In a eircle, radius 2' l describe 3 equSfl circles eaoh touching two 
•others and the*cdhtaining oirefe. * 
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EXERCISER 

#? 

, CHAPTER X. I 

t 1. Construct a parallelogram on a line 3' long oflual to a square 
side 2.^ . 

‘2. Construct a triangle, perimeter 5', sides as 5:4:3 and make an 
equilateral triangle equal to it. # 

3. Divido a triangle into 3 parts in ( tho iatio 1 : 2:3 by lines 
drawn from one of it^ angles. 

4. (Construct right angled triangle base 2' and area 2*33 square 

inches. % cp 

t 5. Construct a triangle area 3 square in. with sides as 3 • \ : 5. 

6. Construct an equilateral triangle equal in area to the difference 

between two other equilateral triangles with sides of 1 3" and 2 25* 
respectively. 4 

7. Draw a regular heptagon on a side of I ‘25'; and construct a 
similar polygon ■?, ths of Its area. 

8 Construct a trapezium with sides of I }* 3^' and 2| # , one 

of its angles to be 60°. Bisect it/ through one of its angles.. < 

9 f Draw a pentagon on a 1 T> # side ; and construct a rectangle 
equal to it on a 3* side. ; 

10. * Construct any irregular 0 octagon and divide it into seven 

equal parts. *' 

11 . ICwo triangles ABC, DEE are given It is required to draw a 
triangle def, wi'uh its vertices d, e, f, in BC, CA, AB and* its sulos de, 
of, and fd, parallel’,', to DE, EF and ED. 

12. A triangle ABC and a quadrilateral DEFG are given. It is 
required to draw p quadrilateral defg similar to DEFG with its side 
de in A B, and its vertices f and g in BC and CA respectively. 

13. In ABC inscribe an equilateral triangle with one vertex 
bisecting AB. 

14. Draw a square ARCD of 2 inches side < and through C draw a 

line meeting AB in P a,nd 1)A produced in Q. so that the area of the 
triangle PAQ shall be double of the triangle PBC. ' 11 

15. Draw a circle |ths the area of a 'given circle, and divide it by 

concentric circles into 3 equal parts. “ u ^ 

16. Construct an isosoe.les triangle with an -area of 3 square inches 
and having a vertical angles of 30°. 

17. Divide a square oT 2 inohes side lijto 3 equal areas by lines 

parallel to a diagonal. r f v 

18. Within a circle of lJj inches radius 1 * inscribe ^ rectangle wicn an 

area - of 2 square inches. ’ . 

, i 9 . Within a square of 2 incdies side inscribe a square having its 

angles in the sides of the first, and its area t(, the area otthq.first square 

as 2:3. < * 

20 Describe n, square equal to the difference of U,o squares whose 

a ide«are2'7f andl -45". » 

. 28. A square has its diagonal 0'23" longer than its side. Construct it., 



CHAPTER XI. 


PLAIN SCALES, DIAGONAL SCALES AND 
COMPARATIVE SCALES. 

I 

* 

When an object is so large that it cannot be represented 
on paper full size, its drawing is done by ?educing *each line 
in the drawing t,o a fixed and knowp proportion to the line it 
represents. This proportion or ratio of reduction is know*) as 
the scale of*the drawing and whpn it is expressed in fraction 
it is called 1 the Representative Fraction of the scale or mofe 
commonly the # R. F. of the scale. Suppose on a (Jrawihg of a 
culvert the scale is written as 4 ft =1". From # *this it is to be 
inferred that every inch on the drawing represents 4 ft. or 4S 
inches on the culvert and the ratio of reduction & ^ wfyich is 
the R. F. of the scale. Usually the scale is expressed by the 
length represented by l inch in case of Engineering or Mechani- 
cal drawings as 2'** 1 % or 4' =* 1" ; and in qi«e o'f topographical 
drawings either by the leftgtl? represented by 1 inch or by the num- 
ber of inches* representing a length of one rnile as when R.F.= 
>« . 

TuTO the scale is eith( ; r 33°' “ l " ° r I 16 ". 

for the convenient^ of measuring off a distance from the. 
drawing in order tojcnow th? real- ldVigfti of the line it represents, 
a graduated straight line is attached to all drawings called the 
“scalfe” in adtfKti^n to the written representation of the scale. 

, Scales* d&iay* be drawn to show two units of^measare as feet 
iftd inches, teas of yands ahd single yarfls or miles and fprlongst 

• t 
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f rc. These are called plain scales When three unito of 
meamre have to be rhown as yards, fet . and inches : or hundreds 
of feet, tens of feet and a single foot ; or a fool, tenths of a foot 
and hundredths of a foot, either a diagonal or a vernier scale is 
to be constructed by which very minute divisions can be attained 
which is impracticable by the plain method \>f division. 

Comparative scales: — It is sometimes necessary, when 
the scale of a drawing is adapted to one unit of length 

( suitable for one place, to construct another with the same 

representative fraction but having a different unit of length 

prevalent in another place. These scales aie known as compara- 
tive scales They are graduated differently with different units 
though the R F. in the two .cases is the same. They are plain 
scaies either drawn separately or one over the other. They are 
required for maps of countries which have different standards 
of measuring distances. 

Scales will be treated in the following order . 

i. Plain '' scales, 2. Diagonal scales, 3. Comparative 

scales, 4. Vernier scales. 

PJain scales : — In all scales it is evident that if they fulfil 
the functions explained above, any length on the scale must bear 
the proportion expre^ed by the representative fraction of the 
scale to the real^ength it repiesents. '■ 

Scales are usually made about 6 or 7 inches long, but it is 
sometimes made smaller or longer *vher\ it is convenient to 
do so. 0 

A convenient rule to draw scales' is to assume a certain 
length to be represented by the scale, which will occupy about G 
inches of space on paper. The number to be assumed should 
usually, though not necessarily, if it be more tharv^, be Either 
10 or a multiple of • 10 as 50, 80 or ioq . Draw a straight L'ne 
and measure, on it the number of inches representing the length 
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assumed. Divide the Hue ipto as many units or ter\s of tmits?ls 
thfe assumed number expresses. These ate called the prtmhry 
divisions of the Scale. To show these divisions or spaces /more* 
clearly, another line is drawn parallel to the first and about tV^ 
of an inch hel^w it. Draw vertical lines through these divisions 
from the 2nd line to* about ^th of an inch above the first hori- 
zontal line. 'The last but one point from tlie* left is* always 
marked zero. From this point mark the piimftry divisions t<j 
the right as 10, 20, 30, &c or joo, 200, 300 Szc. as the case may 
be. »The division on the left of the zero point is to be sub- 
divided, either into !o equal parts if the primary divisions re- 
present to, or a multiple of io, or into an afiquot part 
representing a ’sub division of the primary division, expressed 
by a unit of Jhe linear measurement, for instance into T2 parts 
for inches in case of a foot, or "into 8 parts for fnrlongs # in 
case of a single mile of primary divisions. The subdivisions 
are to be mailed from the right i. e. from the zerp "point of the 
scale to the left. The zero point connects^he Iwo divisions in 
such a way , that by one stretch of the legs of tin* compasses, »a 
measurement may be taken which comprises both the primary 

and the sub-divisions of the scale. 

, * 

A few examples are giVen below to explain jhe construction 
of scales. It will be .^eeo* that the principle is the same in 
all cases. • 


will be 

Divide it into 6 equal 
Divide the fijst 


1. Construct a* sc&le of l'~l* F : g. 176 
Let the length 1 of the scale show 6 feet wljich 
represented by^ a line *0 inches Ion: 
parts \o shqw a single foot Gf primary 
division on the left into 12 equal parts to represent inches. # 
S To »£>n%truct a sAale of feet and inches R. — 

Tig. 0 J. 7 .* Assume'^he length of the scale tp sh< 3 w 10 feet 

» • * to * . * 

^hich will be presented inches. 



84 


GEOMETRICAL DRAWING. 


Take a line 4 inches long. It represents 10 feet. Divide, it 
intcf io equal parts. «* Then each part of the primary division 
represents 1 foot. Divide the first division into ^ 12 equal parts 
which will show inches. 

3. To construct a scale of 1 2 yards=l*. Pig. 178. 

Assume the length of the scale to show 70 yards The 
number‘70 ?s arrived at by multiplying 12x6 = 72 and its nearest 
multiple of 10 is- 70: 

70 yards will be represented by 55 = 5.83 inches. Take a 
straight line and measure on it a distance of 5.83 inches, from 
the decimal diagonal scale on the back ova rectangular pro- 
tractor, the Construction of which will be explained further on. 

This length is 70 yards, Divide it into 7 equal parts and 
subdivide the 1 st '•left hand division into 10 equal parts to show 
a single yard. $ 

‘4. To construct a scale of 6"=1 mile showing chains 
of 100 feet. Fig. 179, 

' , t mile = 5280 feet =6" 

We can assume the length of the scale to be 5000 feet. 

•* 5° 00 x 6 

Then 5000 ft. will be represented by 5280 “5 ^8 inches. 

Divide the length of 5*68 inches which^, represents 5000 feet 
or 50 chains inco 5- equal parts ; each portion of the primary 


division will be 10 chains. Divide the is: division on the left 


into 10 equal parts to show a chain or loofe^t. 
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, 5. /reconstruct a scale of 8 iaches=l mile showing. 
10 paces. A pace =30 inches. Fig/ 180 . ti o 

A pace = 30 inches =*i£ feet. , 
v /. 10 paces = 25 feet. 

5280 ft. = 8 inches. Assume the length of the scale to show 

iooo f paces i. e. 2500 feet which will be represented by 

2500 x 8 0 . ■ 

-^^ = 378 inches. 

Divide the length 378 inches into 10 equal 'parts ; each 
part will represen* too paces. Divide the first primary division 
if. to 10 equal parts, then spaces of 10 paces will be shown. 

6 A map is 36 inches Jong and 24 inches broad ; 

it represents an area of 20 acres. Draw the scale of the 
map to show poles and yards. 484 U ( 'sqr. yds = 1 acre 
Fig. 181 . 

36x24-864 sqr. inches represent 20 acres. 

20 acres = 20 X , 4840 sqr. yds. — 96800 sqr. ydi. 

£64 sqr. inches represent 96800 sqr. yds. Divide by 8 

108 sqr. inches ... 12100 sqr. yds. 

, 6v/3 inches ... no yds. „ Jt 

5.19 inches ... 55 yds. 

The C scale-is to show poles and yards. Assume the length 
of the scale to be. 10 poles or 55 yds. 

10 poles will be reprinted by 5.19 inches. 

. Divide the ’ength 5.19 inches into 10 equal parts each part 
is a pole. A pole = 5! yds. Therefore divide 2 poles or n yds. 
into it equal parts to show 1 yard. The zero point in tins case 
is the 2nd point from the. left 

7 . A scale cf to take off intervals, of time, adap- 
ted to the trot of a horse. A horse goes over 250 yards 
per minute at a fast trot. Show 10 minutes. Fig 182 . 

R- F*=T-S-injo or I2 5° ft - - jf ' * 

The horse goes over 250 yd? in 1 mihute therefore in 10 
minutes the horse goes 2500 yds =7500 ft; which will be 


, 7 500 

represented by = 6" < ■ 

'Take a line 6 inches long. It represents 10 minutes. Di 
it ‘into 10 equal parts each portion is a minute. Divide the 
space into 6 equal parts each portion will show 10 seconds 
Diagonal scales:— If vve want a fract : onal portion 
secondary division which' is too small to be divided we 
obtain it by adopting the following method: 


vide 

first 

of a 
can 
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Let AB be a small length of a subdivision <gf a 
scale. Fig. 183. It‘ is to be divided into r 10 
equal parts. Draw AC perpendicular to AB and set 
off 10 equal spaces of any convenient length as Ai, 
12, 23 &c to 9C. Join C f B and from the points of 
division in AC draw lines parallel to AB. Then the 
small ypace at division 9 is j^tl} of A'B. Th eparallel 
through 8 is ths, through 7 is ths, of AB 
and lo on, 

o 8. Construct a decimal diagonal scale of inches 
showing tenths and hundredths Fig. 184- 

Take a line 6 inches long and divide it into 6 equajl parts 
each part is 1 inch. Divide the first division into 10 equal parts ; 
each part is T \jth of an inch. To show hundredths of an inch 
adopt the diagonal method shown above. Draw vertical lines 
through each inch division. Set off on the 1st vertical line io 
eqilftl spaces. < The horizontal lines are to be drawn from 
the points in the first vertical line to the laOt. The zero 
ppint of a diagonal scale is always placed where the first diagonal 
meets the 2nd vertical line from the left. 

When the number of the sub divisions of the scale is 10 and 
10 parallel liner ^re drawn for the diagonal method the scale 
is called a decimal diagonal scale or else it is a diagonal scale. 

9. To Construct a diagonal scale showing miles, fur- 
longs and gunters chains, the scale is 1 mile — 1". 
Fig. 185. 

Take a line 6 inches long to show 0 miles. Divide it into 
6 equal parts for ti ..mile. Divide the firSc division int® 8 equal 
parts to show a furlong. A‘ furlong- is 1 660 feet or 10 chains. 
Draw 10 equidistant parallel lines and draw the diagonals. A 
distance of 2 miles, 3 furlongs and 7 chains can be shown by 
arrow heads. * 

10. A diagonal scale of 8 , f t » l" showing inches 

diagonally. Fig. 180. ^ ( 

* Assume the length of the scale to show '50, fofct. Then 50 
„ feet will be represented by =6*25 inches. Take a line 6*25 
inches long and divide it into 5 equ^l parts,' eifch portion will 
show 10 feet. Divide the first division ipto i.o.eqtqd parts for a 
single foot, and draw, 12 equidistant parallel lmes for getting, 
inches by the diagonal method. 
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11. A scale of bighas and cottahs corresponding t$ 
33G ft. I'. Show a cottah by- tho diagonal method’ 
A bigha => 1 20ft = 20 cottahs. Fig fr 187- 

A bigha=i2o feet therefore i inch will represent little less 
‘ than 3 bighas. We can assume the length of the scale to show 
io bighas i e. 1200 feet, which will be represented by V = 
3‘63 irtches. * 

. Heie? line 3*63 inches long is taken which is 10 bighas. 
Divide it « into lo^efyual parts to show a bigha and dfaw vertical 
lines through the pounts. The diagonal method of division is 
ac^ppted here to obtain a subdivision of the primary division 
as a cottah is f^th of a bigha. The space of a bigha can 
easily he divided into' 4 equal parts which will give 5 cotlah 
spaces and 4 equidistant para 1 lei lines can oie drawn to get a 
fifth of it A length o.f 5 bighas and 13 cottahs can lie marked 
by arrow heads 

Comparative scales, examples : — 

12 ? To construct a a ale of English miles compara- 
tive to a scale of Russian Versts, 30 v'ersts-l". 
1 verst = 1 16 3 63 yards Fig. 188. 

3oxti66 , 68 „ • ou „ 

0 * miles — 1 1 e. nr8S miles = 1 . 

1760 *• 

' Assume the lei g f h v of the scale to show 100 miles. 

* 100 -sot inches which icpresents 100 miles. 

1988 * 

Take a line 5'03 inches long and divide it into 10 equal 
parts; each portion will Represent 10 miles. c Subdivide the 1st 
division into ten equal parts e»ch portion is ? m'Je. 100 versts 
will be represented by Y“ 0 ° = 3-33 inches. ^Take a length 5*33 
inches long on the lower side of the mile scale and divide it into 
10 equal parts ; each portion is 10 verts,,; £>ivide thf left hand 
one into 10 equal parts each part is a verst. 

13 To construct a scale of Bengali “Half Kosher 
subdivided into fourths comparatiye to a scale, of 2 milefd 
= 1'. Fig. 189. ' 1 ( ^ 

A kosh - 3600 yards. 4 

A kosh is little over two miles. We. can assun/e fcfeve length 
of the scale to^show 5 koshes or 10 half koshes. t 

s koshes will be repressed by 5-?-^?2=5 *ii inches. 

1760x2 




POAHS 
4 3 2 10 


8 4 0 

FURLONGS' 


* Seal© of 2 Myes=l" Comparative to 
• * a Scale of Bengali Koshea 
A Kosh - 36{K> yds. 


8 9 . 

Miles- * 


189 
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( Take a line 5*1 1 inches long. It i§ 10 half koshes in lerfgtb. 
Divide it into 10 eqt^al parts each portion is a half kosh. Divide 
the left hand one into 4 equal parts each portion is a fourth or a 
.half -;_)oah. v 

On the lower side of the scale take a length 5 inches long 
and divide it into 10 equal parts each portion is a pule. Divide the 
left hand one into 8 equal parts each part is u furlong. 

14. ' To construct a scale of French metres compara- 
tive to an English scale of 80 yds— 1". Fig. 190. 

1 metres 10936 yards. ' 

Assume the length of the scale to show 400 metres. 

400x1-0936 . , 

= 5*47 inches will represer^ 400 metres. 

Take a line 5*47 inches long and divide it into 4 equal parts 
each part is 100 metres. Divide the left one into 10 equal parts 
each part is a 10 metre space. 

On the lower side of the scale take a length 5, inches long 
which, will represent 400 yards. Divide it into 4 equal parts 
eav;h part is 100 yards. ' f 

Vernier scales : — 

Vernier* sc/des are sometimes used instead of diagonal scales 
to get a very mi***^ division or a division of a sub division. 
The principle of its construction is as follows 

If a leng/n representing n units of measurement be divided 
into n 'equal parts each, part will be a unit. Now, if a line 
equal to n+i of these units be taken and divided into n equal 

parts each part will be n + 1 or i — units. , Th,* difleren£e be- 
.t n 

tween one sub-division of the last and one sub-division of the 

former is — 1 = - of the original unit of sub-division. 

n n n . 

Similarly the difference between tfce two subdivisions s 

— ,and so on. 

n « 

The vernier Scale can be either straight for linear measurements 
or circular for angular measurements. t The circular vernier is 
adapted fov the ( sub-division of a degree or a halt degree on the 
limb of a theodolite. This termer *does not fall within the 
stjope of geometrical drawings and is therefore omtyed. 
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4 There is one peculiarity in the construction of the Verifier 
Scales, that is, all the primary divisions^are to be subdivided and 
no'c the one on the ‘left. The reasori will he seen fiom the 
^examples. 1 

15 To construct a vernier «scale to read lOthsand 
lCCths of an inch and mark on it a length of 2 76 inches. 
Fig. 191 . , * 

Take a line q inches long and ‘divide it into 5 equal parts 
to shdw inches. Divide each inch length into 10 equal paits 
for the ,’jjih of an inch. Draw the upper dine of the sc.ile and 
Phe vertical divisions. Produce the uppei line to the left and 
commencing fiom the point of the joth subdivision measure a 
length on the left equal to 1 1 of these subdivisions and divide it 
into 10 equal paits Draw a third parallelTne over this portion 
on the lefjt which Is called the vernier and diaw the vertical 
divisions of the verniei. Put o on the 10th place or the 
commencement of,, the vernier and mark below every 10th place 
fron't there as 1, 2, 3, 4 inches on the right. Mark the divisions 
on the, left as t, 2, 3 up to 10 qn the lower side and on the unucr 
side 11, 22, 33 Su: to 1 10. The lower division are r, ’,23 ike. 
and the Ripper numbers are ’it, ‘22, ‘33 See. 

Each of tjie vernier division is 11 in. in length. To 
measure 2 76 w^ ^an have 66 in the vernier and 21 in the 
primary scale. It iVtu«be shown by arrow heads on the scale. 
To measure d'83 we can have ’33 in the vernier and ‘5 in the 
primaiy scale on the right of the zero point To rneasuie *37 
we can have 7 on the vernier and„from it we can substract 4 
from the divisions belov. the vernier on the left of the zero 


16 . To construct a scale of T J 0 t6 show polefc and 
yards and by a vernier to read feet. Fig. 192 . 

R. F.= i- e > the scale is 23ft = i". 1 , 

Assume the length of the scale to be^S poles. 8 poles will 
** 5 i *3 


be represented by 


23 


- = 574 inches- 


Take a line 574 inches long and divide it r.ito 8 equal parts. 
Each part is a pole. Divide the first two divisions into n tqual 
parts. Then each part is a yard. fTake 4 of tk^se in '\he 
vernier and divide it into 3 equal parts. Each parj in the vernier 
will be I yd. i ft. ' “ ' * 
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"exercises uhapi’ek'ai. 

> » 

Scalls, — Plain, IAauonal, Comparative and VkkmelS • 

1. C ol)Ml ' t 'ui?t a scale to measure yards and toot. The R. E. f y \ . y „ 
± Construct a scale oi % melres R. E. = a ; 1 metie=*l 01)36 y ds. 

On a map,^ the distance between two places known to be lip mile 
apait nieasui.JP 8 . ^Construct a diagonal scale* to measure miles and 
tui longs. , 

I. Construct a scale of |U j M) . ^ y 

^’ l,e suaie <d a » Indian plan is drawn in Heaths. 1 inch represents 
b 75 haihs. It is required to diaw a compaiative scale ol leet. 1 Hath 
= 18 inches. 5 

d. On a map showing a scale of kilometres-' 43 are iound to equal 3". 
VVlikt is the R E. Construct a comparative scale of English miles. 

1 kilometre =10114 ydif.' 

i A diagonal scale of 1 \ inches = Ifl.. "'►Show feqt, inches and 
eighths ot an men diagonally. 

8u A scale* ot S inches to 1 mile tif read to 20 paces and by vernier 
to 5 paces, 1 pace = 30 inches. f , > 

9. Construct a diagonal scale of \\ inches to the mile to show nnles, 
furlongs and chains and mark on i? a length ot 2 nnles, 3 im longs and 

2 chains. ’'What is the R. I 1 , ot the scalo. * 

10. A s^alu of 1( \ a to show teot and by vernier inches. > 

II. Make a scale of knots comparative to a scal‘d of* 8 nnlos = l inch. 

A knots 1*15 nnleH. * 

12. Construct a scale of 1 mile = 3]inchSs showing diagonally spaces 

10 yards. * 

13. A distanced 11 miles 3 furlongs is shown on a mapby*4^ inches. 
Draw a scale for the map showing furloogs^iy diagonal division. 

11. Construct a spate ot.f=l chain, ^eng pnougli for 10 chains. 

Show chains and jxiles^. ^ # 

li>. Construct a scale of 3 fcj> show Versts. 1 Verst = 1167 yds. 

16. Draw a scale of nnles and furlongs in which 1^ furlongs equal J 
of an inch. d „ 3 

17 A map is ‘TO inches lony and 27 inches broad ; it represents an 
area of 50 square miles. Draw, the scale *of the map to show nnles^ 
furlongs and dmgoimlfy (plains. • 

^18. A scale of i inches jto the .mije is attached to a map . The 
distance lyAween £ towns Aois found from the scale to ho 19 miles and 
4 furlongs while the real distance is 16 nnles and 4 furlongs. The sitrvey 
was known to be correct. Construct a correct scale to the map to read # to 
mi^es and Litlottgs. 

e id. hbngp passes^ over 260 yds per minute, Construct a scale of 
TU5TT7J adapted to time- } * • 



CHAPTER XII; 

' ' ’■ f 

CONIC SECTIONS, ELLIPSE, PARABOLA. AN1) .HYPERBOLA. 

<> t t 

Some Of the curves used in engineering and mechanical 
drawings such as the ellipse, parbola, hyperbola, cycloids, 
involute, volute, spi.als &c. cannot be drawn by tile bow pencils 
' or compskses. These curves are drawh by finding a number of 
points u\ them ffntl then tracing the curve through these points 
freehand or with the help of curved pieces called French curves. 
c Some of these curves, ellipse, parbola and hyperbola are 
conic sections. A conic section is obtained by intersecting a 
cone by a plane. ' 

The five different sections of cone are Fig. 193. 

1. A triangle is obtained when 
the cone is cut by a plane passing 
through its axis asJLFG. 

2. A Circle^ when the section 
plane passes at right angles to the 
axis EO of the cone as at A. 

3. A'n e/(pse, when the section 
plane cuts the cone obliquely with- 
out intersecting fiic4^se i. e. when 
the inclination of the section plane 
with the horizontal plane is less 
than the angle which the slant side 
makes with the base of the cone as 
at B. 

Like the circular" section it is a 183. « 

completely bounded curve. r 1 

4 A parabola , when the sectional .plane Is equllly inclined 
with the slant side of, the confc or is parallel to the generator. 
It cuts one side of the cone and the base. 'It is an open curve 
bounded on one side as at C. , c * , ' 

( 5- A hyperbola , when the sectibnal plarw f is iqojined at a 
greater angle than the angle at the base of the cone or 
eventually is parallel to the axis of ttoe cone. # Th$.hy perbola 
cuts the two equal and opposite cohes and consequerkly 
it has two branches which extend in opposite difecti(?h$, Like 
parabola jt is an open curVe. ' * 
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» The double cone is^formed thus Let AB and CD, two 

straight lines, intersect ,^t V. Let CD % — — . 

revolve round AB which stands vertical, 

the inclination td each other and the point, 

of intersection V remaining fixed. The \ / 

two e(jiial and opposite right circular \ / 

cones will be generated. AB is called the ® \ / 

axis, CD the geneiator add V the vertex \/ * 

Fig. 194. ' 

The construction yf these curves will • / \ 

be better understood if we regard them / \ 

as being traced by a point moving on a / \ 

plain surface according to some fixed law / \ 

as in the circle the ’Doving point always J) ^ "A 

keeps the same distance from a fixed B 

point, the centre of the circle. 

A conic section is the curve described 


by a point which moves in a plane in such a manner thul its 
distance frcxfi a fixed point in the plane, which is the focus of the 
curve, is m a constant ratio to its distance from a fixed line 
in the plane, called the directrix. Fig. 195. 

Let V be* the 


vertex and VR 
the axis of a hol- 
low cone. DNF 
represents a sec- 
tion plane cutting 
the cone in FAQ). 
Let ^ a sphere 
centre I, be in- 
scribed in the 
cone so as to 
touch the plane 
at F. This sphere 
touches the cone 
in a circle, the 
plane of wnic.h is 
perpendicular to 
the.nxis. Ufct this 
p|ane intersect Ahe 
section plane in 

,DN. 



» v 
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Select any point P on the curve PAQ. Drop PM perperl- 
dfeular* to the plane HK meeting it on M. Draw PN perpendi- 
cular Vo DN. Join P '7 cutting the horizontal circle HK in L. 
Join PF, ML and MN. The triangles LMP and NMP would 
appear if drawn on one plane as LNP (Fig. 196.) 


PM is prependrcular to the plane HK therefore it is prepen- 
dicular to ML and MN’drawn in the plane and 
f meeting PM in M. The line PL i's on the sur- 
face' of the cone which ends if.t V, the vertex there- 
fore it is a slant side of the cone and PM is par- 
allel ^o VR the axis therefore the angle LPM is 
equal to half the vertical angle of the cone. 
Therefore the angle PLM< .-s equal to the com- 
plement of half the vertical angle of the cone 
and is therefore constant for any position of P, 
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hence the ratio PL : PM is Constant. 


Again f PN : PM is constant as the angle PNM is constant i. e. 
th^angle between the sectional plane and the horizontal plane HK. 


Therefore the ratio PL : PN is constant. 

f But PL = Pli^angents to the same sphere from a point P 
hence the ratio Pp . I?N is constant i. e the distance from the 
focus : the distance from the directrix is constant. 


P F. 


This ratio -—-is called the eccentricity 
PN v 


of the conic section. 


The point F is cabled a focus and the line liN is a directrix. 

When PL or PF (Fig. 195) is less than PN 1. e Z < or 
Z.PNM is less than L & or Z. PLM i. 0 whpn the single of the 
section plane with the horizontal 1 *^ less than the angle which the 
slant side of the cone makes with the t horizontal, the section 
ii’ an ellipse. When PL=PIJJ i .e ,/.<-= Lb th; section is a 
parabola and when PL is greater than* PN r ie t angle i. is greater 
than .Zflthe section is a hyperbola. 

f 

The ellipse and its properties : — # 

c . i , r * 1 

The ellipse nas two foci anfi two f direclrices. The longest 
diameter' 6f the ellipse is called the«{raflsverse c^iameter or the ( 
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majDr axis, the shortest diameter is called th^ 
meter »or the minor axis^ 

The two diameters bisect 
each other* at rigtit angles 
which is called the centre. • 

(C in fig. 1 79) P 

In any ellipse the* sum.A 
of the focal distances from 
a point in the curve is 
constant and equal tcf the 
major axis (AA' in fig. 

197 )- 


conjugate dipr 
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and BB' the minor axis of an 


Xb' 


Given A A' the major axis 
ellipse to find out the two 
foci. Phce the ffto axis bisect- • 

ing each other at C. With B 
or B'as centth and C A or C 
A' i. hal/the major axis as 
radius describe arcs cutting the 

major axis A*A' in F and F' _ _____ 

which are the required foci. A F |C # T' X 

Fig. 198. 

Given the major axis and the 
foci of an ellipse to determine 
the minor axis. Let A A' l}e 
the major axis and Fend, F' 
be the £vo foci. Bisect A A' in 
C. With F and F' as fept.jes and /adius CA or half the major 
axis describe arcs cutting each other in B and B'. Join BB' which 
is the minor ifcds. Fi<^ 19$ 

137. Given th? principal axis of an ellipse to cone- 
trupt the ellipse ipecjb^nioally. Fig. 199. * 

fi) Pl^ce thefwo axis A A' arid B' bisecting each other 
at right angles. * Take a slip of # paper with one edge straight 
and set off on, this edge the # distance CD equal to half the major* 
axis jlnd the distance CE equal to half the minor axis. Place 
tho strip ifi*3ucdbssive* portions with the points and*D on the 
major and mifior axis .respectively* and fnark the corresponding 
position of C w|jtch will be points on the curve of the ellipse 
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(2) Find F and F' the two foci of tjjie ellipse (Fig. 197). Fn 


two pins on the two foci 
and take a piece of thread 
<ittle longer than AA'. Tie 
one end of the string on the 
pin at F and the other end 
on pin at F' in such" a way 
that the Voose portion shall 
exactly' be equal to A A’, 
by placing the point of a 
pencil inside the thread 
at T or P r and keeping it 
drawn tight, the pencil on 
being moved would trace 
the ellipse. . 4 


J 38. To draw an ellipse, the diameters being £iven. 
By means* of intersecting arcs. Fig. 200. y 

Find F and F' the two foci. C, the centre ot the ellipse where 

\ 4 / 



the two diameters intersect. 

Take points ‘between one 
-of the foci and 0*,%hrst close 
to the focus then further 
apart as 1, 2, $ and 4 bet- 1 
ween F and C. From F 
and F' as centres and with 
radii Ai and A'i, A2 and 
A '2, A3 and A'3, A^, and 
A'4 draw arcs intersecting 
on each side of A A 
Through these points draw 
a curve free hand which. is the ctfrve of the ellipse. 



139. The same by meuns of intersecting ordinates. 
Fig. 201 

• With C as centre and half the major axis as (1 radius drav a 
circle and from the same centre and with/half th^ minoj 4 ax& as 
radius draw another circfs insitje ’the first. Take points in the 
circumference of the smaller circle as i 1 , 2*3 Ci, C2 Cj 
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* ^ 

and* produce them to meet the outer circumference in 

't * 

From the points in the smal- 
ler circle draw lines parallel 
to AA* the major axis and^ 
from the points in the outer 
circle draw lines parallel to 
BB', the mino? axis to meet 
the corresponding linens first 
drawn parallel to A A'. The 
points of intersection are 
points in the curve ptf the 
ellipse which can be drawn 
by joimng therr\free hand. t 2 qj 



140. ,The same by 
Fig. 202. 


means of intersecting lines. 


Draw the lines A A' and BIT, bisecting each ‘other at right 
angles at C. Draw DE and 


H 


m 

jj 1 


F(i parallel to AA' through 
B and B' and draw DF and 
EC I parallel to BB' through^ 

A and A'. Divide A I,) and 
AC int^ the same jiunjber of 
equal parts say four. Simi- 
larly divide A'C and A'E each 
into 4 equal pferts. 'Number 
• these divisions from *A* and 
A' each way similarly# Join 
B with the points in •AD'atid^ • 

A'E and joir^ B' with tjie pcrints in A(i and A'C and produce 
them to meet the corresponding lines drawn from B i.e. B'i # 
mee{Bi, B'f nfeet B2 $c.* The points thus obtained are on the 
curve- of elffyse^hiclr wili be drawn half by .joining ttfem. The 
lower curve otn ^imilatl^ be drawrf by dividing AF and JV'G. 
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141. To construct an elliptic figure by means of a^cs 
or circles when the major and min6r axes are given. Fig. 
2G3.“ » < 



Let A A' and 3 JB' bisec 1 
f each other at right angles 
at C. From one end o 
A A' take a* distance equa 
<$o the minor axis as A'D 
Divide DA the remaining 
portion of the major axis 
into 3 equal parts in E 
and F. Take 2 of these 
parts, DF as radiu? and 
from<G as centre draw arcs 
cutting A'A in G and H. 
With G and H as centres 
and with *GH as, radius 
draw arcs intersecting each 
other in K *.od L Join 


LG, LH, KG, and KH and produce them. From K> {*nd L as 
centres ^and with KB and LB' respectively as radii draw arcs to 
meet KG and KH, LG and LH produced in P and-Oand M and 
-N respectively.* s JJrom G and H as centres and with radius GA 
or HA' draw arcscorfrpLeting the ellipse. 


142. The same, when only the major axis is given 
Fig. 204. 


* Let A B be the major axis. 
Draw hC at an angle of 15 0 
and BC'at with ft 8 from 
thb ‘tvto ends of AB and 
meeting ip C. J)raw AD at 
an 'angle of 60^ with AC and^ 
equal tq it. From C and D 
draw * liqes parallel to f AD 
sfnd AC respd-tively to«com- 
plete the ‘rhomtajs A DEC. 
Bisect AC, a£>, EC ED in 
F,‘H, G andcK% respectively. 
Join /DF, D£ and/CH'CK 
intersecting in L* and M. c With as ccentre and J)F as radius 
draw an arc FG and with C as centre *aod CH as,jadius draw an 
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arr, HK. Complete tHe ends with L and M a$ centres and LF and 
tyG fs radii. * * • ' ' 

\ » > > 

143. To .draw an ellipse to pass through three given 

points A, B and C by joining which a triangle mtfy be* 
formed. Pig. 205. • 

Let ABC the,three 
given points. Join AC* 

Bisect AC irt D. Join BT) 
and produce it to H mak- 
ing DH=BD. Through 
A and C draw AE and CF 
parallel to BDand through 
B draw EBF parajiel to 
AC. Divide AD, AE and 
CD, CF into any number 
of equal parts ^ay 4. Pro- 
ceed like problem 140 to 
obtain point's on the curve 
of the ellipse. 

144. To find the oentre, axes and foci of a given 

ellipse. Fig. 206. * 

Draw any two parallel 
chords in the ellipse as 
AB and CD. Bisect them 
in E and F. Join EF and • 
produce it both ways to 
meet*he ellipse. * The 
line passing through# E» 
and F is a diameter i/. it 
passes through the <;^ntr2 
of the ellipse. Bisect it at 
O. Then O is the cfenjre. 

Witji O as centre add with , 
a convenient radius $raw * 

an arc cutting the ellipse in 
Drjw lines parallel to KO and GH through 0 which are the 
axtfs of ellipse. ^Tfe foci can be found by intersecting the 
major axis with arcs froAi^one# end of die ‘minor axis as centre 
;ind half the*major axis^a^radius.* 
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145'. To draw a tangent; aDd a normal to an ellipse 
from given points in the curve. „Fi&. 207. 

<■ * • < 



Let P ^nd Q be two 
points on the ellipse. Find 
♦ he axis and the foci F and 
F'. Join tjip foci with P 
and Q. Produce FT to E 
and bisect tl\e angle EPF 
by the line GPH which is 
the tangent to the curve at 
P. The normal at P is the 
line which is perpendicular 
to the tangent GPH At P. 
The Wmal can also be 
found thus Produce FQ 
and F'O, the line which 


bisects the outer angle thus formed is normal to the curve at Q. 


The Parabola. 

* « M 
, 140. To construct a parabola, an abscissa and a base 

or double ordin&tfc^ing given. |Fig. 208. 


* Let AB &e the abscissa and CBD be the base or double 



. - * 08 . 


ordinate. Complete the rectangle 
EFCD. 1 Divide BC the ordinate 
into any number of equal paj^ts say 
5 parts. Divide CF into the same 
number bf" equal parts and join A, 
the vertex witfi tke divisions in CF. 
Number die joints from C both 
ways-along CF.and CB. From the 
divisions ifc*CR draw lines parallel 
tt AB afyi where these lines inter- 
sect the corrfcs ponding 1 ‘lines from 
A to the points in CF are the points 
in the curvp of par&bdfa. ^Rejieat 
the operatitjh on the'othffr * side to 
co‘mplete\h^ curve. t ‘ 
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i ,147. To find points for drawing ap&rabola the focus 
F and the directrix CD being given. Fig. 209., ’ ' 


Draw the l ; ne EFD 
through F perpendicular to 
CB, the directrix which will 1 
be the axis. Bisect FI) in 
A which will be the vertex, 
of the curve/ Take any 
points a, b, c, d, e in the 
axis and draw perpendicu- 
lars through them. From 
F as centre, maik off on 
the perpendiculars, respect- 
ively up and down, with 
radii equal to aD, bl), cD, 
dD, eD’ The points thus 
formed are points on the 
parabola. 1pm the points 



and complete the curve through A. 
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Properties of the paraboht:— 

, The following , properties of p^abola, are given ‘ hel*e 
for the convenience of students for solutions of problems. 

*Fig. lio. 

1. The tangent PT bisects the Ahgle FPM. 

2. A line from the focus perpendicular to ^tangent meets 
the lattef at a point where the tangent vit the vertex meets it. 

3- f Draw PI? perpendicular to the axis then AT- AN. 

4. Through the focus draw the ddtible ordinate LFL 
Vhich is called the latus rectum and it is equal to 4 AF. 

5. PG is drafon perpendicular to TP i. e. it is the normal 
at P. The length of the subnormal NG=£»!,L/ = 2 AF=FD. 

6. The area *bf the figure ALPNA is two thirds the 
circumscribing rectangle AYXPN. 


The hyperbola. 

V ♦ < 

149 . To construct an hyperbola, the diameter, an 
abscissa and an ordinate being given Fig. 2 Y 1 . 

« 

Let AB be tve^ii^meter, CD an ordinate and BD, abscissa. 

Through B draw a line 
parallel to CD and com- 
plete the rectangles on both 
'sides, of BD. Place AB 
and B t D iij the same straight 
line ie. produce DB to A 
anti make the produced 
portion equal to AB. 

Divfde CD and CE into 
the sathe number of equal 
c pahs s£fy 4. • Numberjthe 
points each wa^ from' C. 
The divisions ‘on CD the 
cydinate is Jo Jjp joined to 
A twid those on CE, t<£B. 
* t The intersedionVof corres- 

ponding b’ces give the points on the hyperbola. 
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* / 

.♦ 150. To describe the curve of a hyperbola, ttie focus 
directrix and vertex ’being given. Pig. 212. ’ ' 



Join FA and produce it both ways. At 'A draw AE perpendicular 
to AF and n\ake AE £=* AF. D is the point where FA produced 
mekts the directrix. Jpln I)E> aAd produce it. Take any 
number of*»points dn the axis as i, 2, F, 3 and 4 and through 
th?se points draw lines perpendicular to the axis both up ai)d 
dr^vn /ne^tin| DE produced in 1, 2, f, 3 and 4. From centre 
F -with'fadii *1 1, ?»2, F/, 33, 44 intersect^ the double ordinates 
through 1, f, 3 and 4 respectively. »The poibts thus obtained 
• are on the lv^erbola.'» AF> AD. 
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151. ' To draw va rectangular hype'rbola as used fry 
engineers. ,Fig. 213. < * 

1 Lbt AB and AC ilpresent two axis Sind E the vertex of the 
X) curve. Complete* the rect- 
angle ABDC. lake an> 
number of joints between 
E and 1) as 1/2, 3, 4, 5, 6,7 
afid 8. Draw a line from E 
parallel to CA. Join the 
points „r, 2, 3, 4, 5, 6, 7, 8 
and 1 ) with A intersecting 
the line from E in 1, 2, 3, 4, 
5, 6, 7, 8, 9. Through “the 
two sA«j of points in El) 
and E9 draw lines parallel 
to AB and , AO. They 



2 


13 • J 

** intersect in points Which 

joined will give the rect- 
angular hyperbola. 


152., To draw a tangent and a normal to the curve of 
hyperbola. Fig. 212 

' Let P be a f^Qt on the hyperbola. Join PE Draw ET 
perpendicular to FP me'&ring the directrix in T. Join TP then 
TP' is a tangenp Draw PG perpendicular to TP at P then PG 
is the normal. 

Make the angle TPH equal to the* angle KPT The line PH 
produced meets the axis (iroduced in a point* which is the focus 
of the other branch of* jhe curve. AF>AD ’ * 


153. Properties of hyperbola. Fig^ 21^. 

Hyperbola has marry closefy allied relations to ellipse. 
Like the ellipsis hyperbola has two axes, t^o, fofi, two directrices 
and a centre. 


*1. Let A A' be the major axis. Bisect" it at C,**then C is 
the centre. Through C draw iBCB' w perpe-ndicula^ to AA'. 
BCB' is the minor axis in length less than AA' the major a^xis. t 
2 . Draw lines parallel to AA\and BB' through X A' *B,* 
and B'. Xoi n dioganaft ED' and Et) # of the rectangle thus 
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formed t> Produce foe two diagonals f both ways. They are 
called the asymptotes to the curve 'Asymptotes are lines Wrhicb. r 
as ihey recede to infinity with a curve, approach nearer and nearer 

thft latter without limit, but never actually coincide w.^th it. 

3. In the ellipse the siim of the fiscal radii is equal to the 

transverse or major axis, in the hyperbola the difference of the 
focal radii is equal tb the major axis. •* 

4. ( The dist%nces of the foci from the centre G is equal to 
the diagonals CD or CE 

# 5. In the ellipse the normal bisects the angle between the 

two focal radii, in the hyperbola the tangent bisects the focal 
radii. * ,, 

6. Take any point Q on the hyperbol«i,< draw lines parallel 
to the asymptotes frctoi it meeting them in M and N. Then 
QMxQN is constant, an important property of hyperbola. 

4 #4 

• EXERCISE ON CHAPTER XII. i, 

* 1, The foci of an ellipse are *2|* apart and the major kxiS is 4{* 
long Dr^w the ellipse and draw a tangent from any point on the curve, 

2. Draw a"parabola by intersecting lines, axis, 1A", double ordinate, 

?k'. * 

3. With a diftmeterNi*4', an ordinate 18* and an abscissa f4', 
conitruot a hyperbola. 

4. Draw a rectanglo 275* X 2' and inscribe an ellipse within it. 

5. Draw a rectangle 3' x2* and let tw,o adjacent sides represent the 

axes of a rectangular hyperbpla. Measure 1/2 an pnoh from one corner 
on one of its longer edges and let this point' represent the vertex of the 
curve. Complete the hypetbola. s * 

6. The transverse axis of a Jiyperbolk ‘is '2p and the distanoe be- 

tween the foci is 2f\ Determine the conjugate' axis, the^- asymptotes 
and draw a portion of the curve. « f , 

7. Draw any parallelogram, anfy in it inscribe a parabola which 

touches one sidn,as its middle point, and passes thro'ugh the ends of the 
opposite side. Determine the latus rectum^ * ' ' ( 

8. Draw the tangeut and l!ne normal at a point o,n an ellyrse ancl on 
a patubola. 

c 9. Draw an ellipse to pass through threq given points. ^ t 

10. Draw an ellipse given one axis and a point on the curw) of the 

ellipse. ' o # » ' * *’ ' 

11. Givon the two foci 4 of an‘ ellipse ^nd the sum of <ihe distances 

of % point irffhe curve from the two foci, CcJasttuct the 6tfipse. < 
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With and K as Centres and radius ^R or KA draw archill 
tfiey meet the lines KK and NE produced. Complete the curves 
witl/E as centre and* KD as radius. 1 
» '2nd. Take AM and BL each equal to A(j on both sides of 

AB pioduced Join ME'andLE. iTVith M and L as centres 
and. MB and LA as radii draw arcs till they meet ME and LE 
produced. Complfcte the curve with E as centre and ED as 
radius. " ^ ' 

165 . To Construct a spiral of any number of revolu- 
tions. Fig. ai7'. * 

9 1 st Archimedean spiral 

Draw a circle* and « 

divide it by radii into a t 

number of equal parts 
say 12 as 1, 2, 3, 4, 5, 6 
&c Divide the radius 
No.«l into 12 eqyrti parts 
and number them as a. 
b,c. etc. Let 0 be the 
centre of the circle. With 
centre 0 and. radius, oa 
mark on radius »No. 2, a'. 

With radius ob ^iark ^n 
rg,dius No. 3, f b\ With 
radius pc malk on radi- 
us No 4, c f and so on* 
till the 12 divisions are 
finished. Join the poinfs 
o, a', b\ c\ d', Sec. ‘thus 
found by a fair curve 
which is the spiral. • t 

150. To draw a pommoi spiral of five revolutions on ' 
a given diapieter AB by meads of semicircles Fig. 218. 

* Divide AB into 10 equal part?,. Bisect ode of the » two 
middle divisions say the 6th from A in O ' Ltfc the divisions be 
pamed from the left as AC, CD, DE, El', FG, GH, HE, KL, 
LM, MB. " 4 * % v, 

Draw 4 semicircle on GH the sixtty divisions Then draw, a 
semicircle on l4l (2 divisions^ on tty, opposite sj/de of the ist 
sfynicirel£ Then draw a semicircle oom*FK on*(the same side 
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as tVe Tst semicircle, tfien draw a semicircle oA EK on the other 
side, then a semicircle 1 * r ' 


on EL, then on LD, 
then on pM, tl/en on 
MC, then on CB, then 
on AB to continue the 
spiral. It will ‘ue seen 
that the centre for the 
upper semicircles is 0 
and for the lower semi- 
circles, the point G. 
The upper semicircles 
are o*> odd number of 
parts and the lower oiu« 
are on the even number 
of parts. a 



157. To draw a spiral adopted to the volute of &n 
Ionic Column. Pig. 219. 

Let the height of the volute be given as AB. Divide the 
given height into 8 equal 
parts. Bisect the 4th part 
in the point C and from it 
draw a line perpendicular 
to AB and towards the left 
of it for the right volute. 

Make this line equal in 
length to four of the divi- t 
sions 03 AB which.willgive 
0 the eye of the volqt*;. f 
With O as centre dra^ a 
circle with radius ecjual to, 

* *€4. Inscribe a square in 
this circle and bisecLeach 
of its^sides in 2, 3 and „ 

4. join th^se points and * 

.draw diagor/als. Divide 
each semi-diagonal into 3 equal pa’rts and join them, thus making, 
two rJI ore* squares inside the other. The corner of each of these 
squares in ^ucfression i*> the centre of eaph of the^quadrants 
commencing from the left tfpper corner* of the outer inscribed 

square which Numbered 1, then proceed right handu Finish 
• 1 , . * 
a 


£ 19 , 
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^the (our corners oV the outer square, tjien commence from the left 
upper corher of the 2nd square dnd so on. The curve rilUurn 
from the right to tfie left for the right volute and from the left 
to Ahe right for the left volute in which case the line /CO is tp be 
drawn to the right of AB-. The eye is drawn enlargd in the 
figure in the corner, points numbered for the left volute. 

♦» 1 ** 

1 $ 8 . To draw the involute of a circle. Also to draw* 
a tapgent to Vie curve at any given point. ‘Fig. 220 . 

If a perfectly flexible thread be unround from the circum- 
ference of a circle and kept constantly stretched, the extremity 
of the thread describes a curve known as the involute of a circle. 

Let AP be the circle, and P the generating point. Draw 
the diameter AP. At A draw the 
tangent AB. Make AB=semi- 
circumference erf the circle (prob. 

1 16). Divide AB and the semi 
circumference iiOo the same 
number of equal parts, say 6. 
Number the divisionsof the semi- 
circle as i, 2, 3*, 4, &c. and also 
number the divisions in AB simi- 
larly. Draw tangents to the circle 
at points 1, 2, 3, 4 &c. Make 
iC=Ai, 2D=A2, 3E= A3 and 
so on. To obtain points beyond 
B'p rocee cl in the same manner 
and tak§ lengths on the tangents 
= n times a divison *'on AB 
acdofdhig to the number of the 
tangent: « j 

C ' i 

To draw a tangent from a point ii^ the involute curve 
Draw a lirie from the point tangential . f o th$ circle AP, the tangent 
is perpendicular to this Une.<> 1 ( c ‘ 1 <• 

** The curves of Cycloid, Epicycloid ancf Hypodycloid. The 
. curve described by a point oh the circumference of a circle, which 
rolls (1) on a straight line in a ’plane is dallSd the Qj’cloid, 
(2) whet* it rolls externally on the circitmfejene of another, circle 
the curve is called Epbycloid and (3) when it rojls internally on 
r the circumference of another circle k is- called Ifypocycloid. . 




, PLAIN CURVES OTHER THAN CONIC FECTIONS, ll5 
. \ „ * , 
the moving circle is called the generating circle. • The., 
line or' circle on which the generating circle rolls is called^the 
director or base and the- point on the circle tracing the curve is 
called the generator , *• 


159. To d^aw the curve of Cycloid. Fig. 221 . 



Let AB tve the director. PD, the generating Circle, the point 
P, the generator. Let D be the poirtt where the generating circle 
touches tne director AB. Draw the diameter I)P and bisect it at 
C. Through C the centre of the circle draw a line parallel to AB. 
Make AD and DB each equal to half the circumference of the 
generating circle either equal to 3-f CD or by problem 116. Divide 
the circle into 12 equal parts and divide me line ADB also into 
12 equal parts. Draw lines from the points in AB perpendicular 
to it to meet the line through C dividing it into 12 equal parts. 
Through the points in the circumference draw lines parallel to AB. 
Number the points from D to P and similarly from C to the 
right on the line passhig through it, say 5, 4; 3, 2 and 1 in both 
the generating circle and the line. With centre 5 in the middle 
lineand radius equal to CP intersect the line through point 1 in th$ 
fircumference. Similarly ,dth point 4 as centre intersect the line 
‘through 2 and so on. Joining tnese points the right half of the 
cycloid is obtained when the generating circle rolls from D to B. 
The Wt half is similarly drawn. J 

' 100.. To draw a tangent to the ourve of Cycloid 

Fig. ^21. . 

• Take jSoint R iri the curve. Draw ( RK parallel to AB 
meeting the circumference o' the generating circle in K. Join PK. 
Through R dra* a line parallel to PK which will , be the tangent* 


11T) 
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,, 161. To di4w the ourves ofcthe Epicycloid and the 

Hypocycloid. F^. 222. ^ « 



*fb&- » 

I 

1 

I 

I 

t • ' • 

1 i * * 

Let AB be the director which is b. f>af t of a circle. Let PD be 
the external generating circle with ^oin't P« as thf generator and 
P'D be the internal generating circle* *with point P' as the 
generator. The external point T will trace, the curve epicycloid ana 
% the internaf point P ' will trace the curw s\ypi>cycloid. Let C and C ' 
be the centres of the two generating* circles. Take lengths from Dv 
an the director both ways equal to the sdmi-circtyliference of the 
, generating circle as DA and *DB Divide the circumference of 
the generating circle and the director*Al? into it efjua 1 par^» com- 
mencing^from D, half the number or\,the/ighL'<and‘ ^alf,. orj the. 
left. # * ‘ « * * V * c 

, Draw arcs of circles through Cfcnd C' frotfifO. the centre* of 
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the director and join the points of division in tj^e director with the 
centre and produce ; these line«i will give points of division oft tho 
arcs of circles through C and C'. From the points of division on r 
the generating circjes draw axes parallel to the director. Intersect 
these arcs by arcs drawn from the points in the circles through C 
and C' with the radius of the generating circle. The upper points 
are the points &r the epicycloid and the lower points, for the 
hypocycloid. * 

162. To determine the tangent and iftie norm&l at 
any point R on the epicycloid or the hypocyoloid. 

Take any point R on the curve ; with R as centre and with 4 
the ra/lius of the generating circle intersect the arc passing 
through C at C r ’. Tl]i| is the position of the rolling circle when 
the tracing point is at R. With C" as centre and with radius CP 
draw a circle passing through R. Find the point of contact of 
this circfc with *ihe director which is N- Join NR which is the 
normal to the curve. Draw RT perpendicular toJNR at R wbjch 
* is the tangent. The tangent and^ the normal is shown on the 
epicycloid. t The construction is the same for both the epicycloid 
and the Hypocycloid. 



CHAPTER XIV. c 
ARCHES. 

The curves 01’ arches used for Engendering works are all arcs 
of circles eith^ drawn from one centre or frorq more than one 
centre. 

Explanation t>f terms. Fig. 223. * 

The clear distance from wall to wall on which the arch 
stands is called the span of the arch as AB. Fig. 223. 

The points from which the arch springs is termed the * 
springing points and the line which joins the side of the wall with ' 
the lower face of the arch is the springing line. 

The walls on which the arch stands or rests are the abut - 
menis. 

The line drawn from the middle of AB the span and perpen- ^ 
dicular to it t,o meet the lo*er face of the arch" (as DC in the * 
figure) is the height or the rise of the arch. 

The point where the height of the arch meets the lower face 
of the arch as C in the fig. is calld the crown of th'e arch. 

The inner face ACB is the intrados or soffit of the arch. It 
is the concave surface of the arch. 

The ouL.r face FEG is the extrados or lack of the arch, the 
convex surface of it. 

A portion of the arch near the springing is called the haunch 
of the arch. It is neady a third of the ar^h from each springing. 

The stone at *be crown of the arch i P th* key stone 

The triangular open spa^e between the back of the arch and 
the horizontal tangential line through E the top of the arch is 
called the spandril^space , si in the fig. 

The span and rfse ef all arches are given to draw the arches : — 

. 103. To construct a semi-ciicbler arch when it is 

tilted 8". Fig. 224. * • ' f 

" Let AB be the span. Draw CD a line parallel to AB and 
6 inches above it. Through A and B^draw lines perpendicular to 
AB meeting CD in C and D. Bisect CD and draw 1 a sen* circle 
on it Then the arch ACEDB is the 1 tihed sfcrar-ci/cutar arch, 
often used in verandah openings wl en mouldings project at A 
and B. J 1 * * • 1 
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404. To construct a segniental arch.^Fig. 225. • 

Let* AB be the span ancl DC the rise. Place DC at right'' 
angles to AB at its middfe point. Join A(i and BC. Bisfect 
AC and BC At E add F and from E and F draw EO and fO 
perpendiculars to AC and^CB meeting at O which is the 
centre of the circle. With O as centre and OA as radius 
draw the soffit th« arch ACB. From A and B draw radi*al 
lines AG and BH and ma>e them equal to the thickness of 
the arch. AG ‘and BH are the springing line* ,of the arch. 
With O as centre ai^d OG as radius draw , the extrados of 
the arch. 

1 16/5. To construct an equilateral Go'thic arch. Fig. 

226. Here only the sjr^an AB is given. 

Bisect AB at 1) and draw DC perpendicular to AB. With 
A as centre and AB as radius draw the arc BC meeting the 
line^ DC 5 in C. ” With B as centre and BA as radius draw the 
arc AC. It is the simplest form of Gothic ^rch. ' * * 

106. Tp draw the lancet arch when only tho span is 
given. When the height of the Gothic arch is more than 
the span or e&ual to it, it is called the lancet. Fig. 227. 

Let AB be the span. Bisect AB at D ; &nd produce 
AB both ways. With A and B as centres' aiid half of AB as 
radius draw semicircles cutting AB produced in., E and F^ 
With E and F as centres and radii EB and FA draw, arcs 
meeting each other at C. * 

167. To draw the lancet arch -When both the span 
and the rise are give'n. Fig. 228. . * 

« , a * 

Let AB be the §pan and DC the rise. Place DC 
perpendicular ' to AB froyn its middle point. Join AC and 
%CB. Bisect AC and # £B at G And H and from G and H 
draw lines perpendiculars to AC and BCf to meet Ap produced 
in F and E. ^hen’ F*a?id # E are the centres and FA and, 
9 EB are the jadii respectively 9 # 

*» * • 

108.* To construct four 'centered Gothic arch. Fig. , 

229. f H^»e Bnljr the span is given. 

’ * ifct mettfod.'Let AB b*«S the span. Divide AB info 4 e'qual parts 

in E,D and F,*^t A itnd B draw AG and BH perpendiculars to AB 
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' * « 
and rrtake them e^ual to it. Jofn G with F the 2nd point frq£i B 
end produce and join H with E,thtf 2nd point from A and 
produce. E. F. H*and G are the four centres. With *E and 
F as centres and with EA and FB as radii dtiaw arcs till they 
me<?t the lines HE and^ GF produced in K. and L. With G 
and H as centres and radii equal t*> GL and HK finish the 
remaining portion^of the curve. — 

2nd method. If less height is reqlired for the arch divide the 
span^nto 6 o& £or more equal parts and draw 'perpendiculars 
from the 2nd points from the two ends an<A make them equal to 
the span. Join the feet of the perpendiculars with their tops in the 
opposite directions | and produce and draw the arch like the 
preceeding one. Fig. 230. « 

3rd method. The four centres may be obtained thus. On the 
middle two divisions draw an equilateral triangletdownwards and 
produce the sides downwards and obtain another*tqual equilateral 
triangle with it? base t downwards. The two corners of the 
base of 'this lower Triangle and the two 2nd points from the 
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109. ‘To ooostjr^ot a semi elliptic arch. Fig. 232. 

* •' t 

The span and the ^eight are given, # 4 

Let AB be the $pati and DC the rise. Join 4-C. Take CE 
^jual td the difFerenpe of the two semi axes i.e. AD-DC and bisect 
the remainder EA at F. From F draw FG perpendicular to AC 
meeting AB in G and produce it to meet CD produced in 0. 
Take DH = DG. Join OH and produce.^ Then G, H and O are 
*the three^dfentres, ^With G as centre and GA as r.adius draw 
the arc AK mebtin^ OG produced in K and with O as centre 
and OK as radiifs draw the arc KC. Fiifish the remaining 
portion similarly. 

170. To construct a horse shoe or Moorish ar£h. 

Fig 233. * * 

< 

When the arc of the arch is more than a semi-circle it is 
called a horse shoe or Moorish arch. AB is the span DC the 
rise. Jake O in so that OC will be more than AD the half 
span. With O as centre and OC as radius draw the arotACB. 

* s 

171. To construct an Ogee aroh when the epkn* and 

the heigh/ is given. Fig. 234. % 

, The height # of the Ogee arch is always more than half the 
span. / ' % 

*Let AB be pie span and DC the height. Join CA and CB 
Bisect CA and CB in E and F. Bisect AE and BF in G and H. 
Draw GK and HL perpendiculars to A,E and BF meeting AB in 
K and L. Through C draw a line parallel to AB. Bisect EC 
and FC in P and M, Draw PQ and MN perpendiculars, then Q 
and N are the two centres for tha upper poftvon and K and L, 
two centres for the lower portion of the arch., 

172. To Construct t the pointed trefoil' aroh. Figs. 236 

and 230. . 1 * 

« • * 

* Let AB be the span and ;i)Q the rise which should be neady 
equal to the span, may be little less or* mose. •JoiryAC, BC. 
Divide AC and BC each to 4* equal parts. Join the middle 
parts E and F. * 

The construction is plain from the figure. , 
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Drawing: Test Examination Questions for admission 9 
» 4 s to the Engineer, Class. ( 

{Fft/e questions art * usually required 'to be answered in three 
*• hours a$d drawing , to be executed in bold pencil lines.) , 

1923. — Print the word “Builders” in plain block | inch high ; 
and write the following sentence in italics: — “By' >f means of a 

sextant the Surveyor found the angle DAB to be 25 0 . 

* • V 

192$. — Draw ^'triangle in which the sides are m the ratio 
3 : 4 : 6, the longest side to be 3 inches long. * ,,»• 

* 1923. — Draw an octagon each side of which measures one 
inch. Enlarge the figure so that one side of the octagon on jhe 
enlarged drawing may represent three fyt to a scale of 
iinch~:ft t 1 

1923. — An arch for a bridge spanning a river 90^ feet wide i s 
to be a semi-ellipse. The brown of the arch is to be 25 feet 
above'the normal level of- Che river(i.e half minor axis=25 feet). 
Draw the outline of the arch a scale of 20 feet tc) the inch. 

. (Spaji «s majoi^ axis). Also draw normals to the outline at 
intervals of 20 feet. 

* «• 

192 2. —Print* the word “Section” in plain block £ ” high. 

Write the following in italics: — 

“The art of‘any craft, such as carpentry, can only be learnt 
in one way, by actually handling the tools. No amount of study 
will ever help a man to make a mortise ant} tenon joint. This 
can only be learnt Ijy doing.” 

1922. — Determine °f 2 inches by tmeans of a diagonal 

scale. 

1922.— A piece of wire 12" long is bent at ‘two points in such 
a way as to make a triangular template, the angle at the vertex 
of the triangle being 52 0 and »ts altitude *is* 3.^". Construct the 
triangle and write down the l^igftis of it& sides and the n^gnitufie 
of itsfangles. % * •* 

1922. — Two pulleys, 1 J feet and 3 fe*et diamete# r^lpective^y, 
are fixed at 6*feet centre to centre. An eridles# belt pa*3os over, 
the pulleys. Drav? the* election, of th^ pulleys and belt to a 
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s#^le of i foot » i *inch. Fiwd the length* of the belt. All 
^obstruction lines must he shown. t * • . # 

% • 

1922.— Draw a pentagon of 1 inch sid^and enlarge it # so that 
the areajnay b» twice that of the one-inch pentagon. • 

1921. — Construct a |ale of 9 fe*et to the inch. It should be 
long enough measure 50 feet. Each main division to r^ad 5 
feet. The first division on the left of the stale tot be subdivided 
to read to 6jnches. * % 

* , • 

i97*^-Two rc^tds meet at an angle of 45°^ and at the point 
of meetiftgNyo cyclists, A and B, start along each road, A 
travelling at 8 miles, and B at 5 miles an hour. When B h^fc 
travelled 7J miles, how far will A be fronfl the starting point ? 
Find the result by ^jpeometrica construction. 

192 1.— Describe a circle of i£ inches radius. Draw any 
diameter A B. From a point in AB produced, draw a tangent 
2 inches long to the circle. * . 

- > • . • 

192 u — Print the word “Engmeer” in block £ irlth high. 

, llVrite the following in italics:— “When ^sing ^h« 
square, hoT 3 and move it wiih the left hand, and dra%the lines 
from left to right." • 

1921. — Draw any irregular quadrilateral figure, then draw # a 
line from one corner which will divide the quadrilateral 4pto •• 
two equal parts. * • 

m 1919.— ABCIJis a trapezium, the angl^ at A is 120 0 , AB is 
2" AD is 1", B£ and DC = i". Bilect tke trapezium by a 
straight line from A^. ^ ^ 

i9I ^_A landowner had a square plot of land, and wished 
to keep for his own* use a square equal to a quarter of its area 
and to divide for the use of jjfls four j>ons the Remaining three 
charters into foyr jpyts, the same size and shape. Draw a 
square «f 3 side and shcftv how this can be (^one, • 

f m • • • * • 

, 9I9 *_Two p # ointg are i|" a part, and their distances from a 
#raight Ijpe are -£" and' i£". Draw a circle to pass through # tbl; 
^feo pipits attd to touch the straight tine. 

191^ A 4istanc%Qf li miles .and *3 furlongs is represented J 
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on^ a map by 4^. praw the scalfe of the map showing furlong 
diagoc illy. What w the R. F. of the scale ? 

1,019.-— The distance between the" foci of an ellipse is 2I 
and the major axis is 3^' long. Draw the ellipse. 

1918.— Construct an isosceles triangle with its equal- side 
2 V lon 8 and included angle 30 0 On the same bast 
describe another isosceles triangle with its vertical angle doublt 
that of the first trangle. 

1918. Construct a square of 2?" sideo, and through one 
corner draw a line cutting off ^rd of its area. 

19 1 8. — Draw ari ellipse, the major and minor axes being 3' 
and 2 respectively. 

I9r8.-— Print the c word “Surface” in plain block type V' high 
Print in italics (capitals T y and small letters y high) the ‘whole 
question, “Construct a square of 2 f sides” &c. c 

I 9. I 8‘ A line 90 feet long is represented in a drawing by a 
hn$ 6 long.) Make a scale of feet for the drawing and give its 
representative fraction. 

1918.— Construct a regular polygon on the chord of an arc 
6f 72 0 . 

- 1917.— PrijVt the word “Universal” in plain block type, £ 
inch high, and the following in italics (capitals T V inch and small 
letters J inch high). “Civil Enginering College, Sibpur, Howrah.” 

I 9 I 7* A triartgle has its sides 2 U and 2^* respectively. 
Construct the figure and draw a square equal to half the area of 

the triangle. * f 

* • i 

1917.— Describe a segment of a circle having a chord of 3 
inches and containing an angle of rgo°. 

- *9* 7-— Construct a diagonal scale of *10 feet* Hnch to read 
inches. Mark off a length of 23 -8* on the .«cale itself. 

o 1917-“ Within a circle of ii Inches Yadius inscribe a r6gu>r 
hexagon. Wrthin the hexagon inscribe . three (SqtRil - pircl^s 
touching each oth& and each touching <he two sidei of the 
hex^opn. * • y 
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. ' V. 

\ 1917.-— Draw a parabola, $iven the axis 2 \ inches and the 

double ordinate 5 inches. $ 

1916.— -The length df a building is 42'* 16". 
represented on *he plan by 5 ". Draw a suitable 
plan. . # « 

1916.— PJht tlte worJ “Plan” in plain block type high. 

1916.— Write your ryme and address in italics! TJje capital 
letters to be high. 

i9Jo!^^raw a^ine AB, 4" long. Draw^t Hne BC, 3" long, 
perpendicular to AB. With centre C and radius draw ft 
circle. Join AC cutting the circumference in D. Draw another 
circle to touch AB, ^id the first circle at D. 

1916. — Draw a rectangle ABCD, AB=*5*, BC = 3". Mark a 
point *E midday between A and D. From E draw a line making 
an arl^le of 30° with AD and cutting AB in F. Reduce the 
figure EFBCDE to a triangle having th<^amd vea. • 

* r . • 

iqi6. — Draw by means of semicircles a com mow spiral of x 

iutions on a diameter of 5". ^ ^ 

#• 


r^volui 

1923. — Make a freehand sketch of any one of the follow- 
ing Padlock, Chair, Three legged stool, Bucket, “Kodali.’^ 
Your sketch should be 6 inches long and proportionately wide. 

1921. — Make a freehand sketch, from memory, of flny one 
of the following articles, so as to be intelligible to all men : — 
Ha^d-saw, chair, rjad-rotler, mallet,* bucket. 







